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High-Level Biliary Strictures After
Living-Donor Liver
Transplantation

Young Min Kim, Tae Ryong Chung,

and Dong Ki Lee

Introduction

Biliary complications after surgery, such as liver
transplantation (LT) and cholecystectomy,
include biliary stricture and leakage and forma-
tion of a biliary cast, sludge, and/or stone. The
incidence of biliary complications after LT is
10-35% [1, 2]. Despite advances in surgical tech-
niques and the development of immunosuppres-
sants, biliary complications after LT remain a
major cause of morbidity and, in severe cases,
mortality.

Biliary stricture is the most common compli-
cation after LT, accounting for ~40% of all biliary
complications [3-8]. The symptoms of biliary
stricture range from none to pruritus and abdomi-
nal pain. If biliary stricture is overlooked, severe
complications such as ascending cholangitis,
liver abscess, and secondary biliary cirrhosis can
result. Therefore, high-risk patients should be
monitored closely. Moreover, in patients with
high-level biliary stricture, the intrahepatic duct
is narrow, and the distal part of the stent has a
high rate of migration over the stricture.

In this chapter, we focus on the definition,
incidence, etiology, pathophysiology, risk factors,
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and management of high-level biliary stricture
after living-donor LT (LDLT).

Definition

Biliary strictures after LT are classified as anasto-
motic (AS) or non-anastomotic (NAS) strictures
according to location. AS occurs at the site of
anastomosis between the choledochal duct of the
donor and the choledochal duct of the jejunal
Roux limb of the recipient. NAS also occurs in
other parts of the biliary system [9, 10] and
patients with both types of strictures have been
reported. In this chapter, we will discuss high-
level biliary strictures, which occur at or around
the bifurcation of the left and right hepatic ducts
[11]. Endoscopic retrograde cholangiopancrea-
tography (ERCP) images of high- and low-level
biliary strictures are shown in Fig. 1.1.

Incidence

Benign biliary stricture (BBS) is a common com-
plication after LT. The incidence of biliary stric-
ture after LDLT is 25-32% [3, 12—15] compared
with <15% after deceased-donor LT (DDLT) [14,
16, 17]. In LDLT, anastomosis between the right
hepatic duct of the donor and the bile duct of the
recipient is highly complex. The right hepatic
duct has many anatomic variations, including
multiple bile ducts, poor blood supply, and a
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Fig. 1.1 Two types of benign biliary stricture (BBS)
according to the location of stricture. (a) Shows low-level
BBS and is mainly observed in patients who have under-
gone a deceased donor liver transplantation. On the other

short stump [6, 14, 15, 18]. Also, hypertrophy of
the received liver aggravates ASs. Biliary stric-
ture is more common after LDLT (33.3%) than
after DDLT (9.6%) [7, 19-22]. LDLT is the treat-
ment of choice for end-stage liver disease, par-
ticularly in East Asia, including South Korea,
because it is more difficult to obtain organs from
deceased donors than is the case in Western
nations. In Asia, the incidence of biliary stricture
has decreased from 30% to 15-25% due to accu-
mulation of experience with LDLT [6, 23-27].

In a prospective study of 531 patients who
underwent LT from 1979 to 2003, AS occurred in
47 (42 duct-to-duct anastomosis and 5 hepatico-
jejunal Roux-en-Y anastomosis) patients, and the
cumulative risks of AS at 1, 5, and 10 years were
6.6%, 10.6%, and 12.3%, respectively [1].

Etiology

The causes of biliary strictures include LT, post-
operative injury after cholecystectomy, pancre-
atitis, primary sclerosing cholangitis, and stone

hand, (b) shows high-level BBS and is observed mainly in
patients who have undergone living donor liver
transplantation

disease. A 68-year-old female underwent laparo-
scopic cholecystectomy 25 years prior and had
BBS due to recurrent common hepatic duct
(CHD) and common bile duct stones. An ERCP
cholangiogram showed a stricture of, and a stone
in, the left intrahepatic duct (Fig. 1.2). A 44-year-
old female underwent left hemihepatectomy for
intrahepatic cholangiocarcinoma. An ERCP
cholangiogram showed a stricture of the CHD,
and abdominal computed tomography (CT)
showed bile leakage due to postoperative injury
(Fig. 1.3).

We will focus on the etiology of biliary stric-
tures after LDLT (Table 1.1). AS can be caused by
the surgical technique and local ischemia, whereas
NAS can be caused by, for example, hepatic artery
thrombosis or immunological factors, prolonged
cold ischemia, and vascular insufficiency [10,
28-30]. Biliary strictures early after LT are caused
by technical factors. In contrast, those occurring
late after LT are typically caused by hepatic artery
thrombosis, preservation-induced injury, pro-
longed cold and warm ischemia, altered bile com-
position, and immunological injury.
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Fig. 1.2 Benign biliary stricture due to intrahepatic bile duct stone. An ERCP cholangiogram shows a stone (a) and

stricture (b) in the left hepatic duct

Fig. 1.3 Benign biliary stricture due to postoperative injury after hemihepatectomy. An ERCP cholangiogram shows
stricture of the common hepatic duct (a), and abdominal CT shows bile leakage (b)

Pathophysiology

Biliary tract injury such as surgery induces an
inflammatory response, resulting in fibrosis and
narrowing of the lumen of the bile duct.
Cytokines and chemokines are key media-
tors of hepatobiliary inflammation [31]. Pro-
inflammatory cytokines such as interleukin-6,
tumor necrosis factor-alpha, and interferon-
gamma induce a cell-mediated immune
response and promote hepatobiliary injury.

Also, chemokine ligand (CCL) 2, CCLS5, and
fractalkine (CX3CL1) induce transendothelial
migration of leukocytes, resulting in induction
of an inflammatory cascade [32]. Genetic poly-
morphisms in the chemokine receptors (CCRs)
that mediate leukocyte trafficking alter their
expression and function, affecting hepatobili-
ary inflammation after LT [33, 34]. The associ-
ation between a loss-of-function mutation in
CC chemokine receptor 5 delta 32 and occur-
rence of ischemic-type biliary lesions has been



Y. M. Kim et al.

Table 1.1 Etiology for biliary stricture after liver
transplantation

Table 1.2 Risk factors for biliary stricture after liver
transplantation

Anastomotic stricture

Verdonk et al. [1]

Surgical technique

Postoperative bile leakage

Local ischemia

Female donor/male recipient combination

Non-anastomotic stricture

Labob et al. [38]

Hepatic artery thrombosis

CX3CR1-24911 allele

Immunological factors

Liver transplantation for acute liver failure

Prolonged cold ischemia times

ABO-compatible non-identical liver transplantation

Vascular insufficiency

Forrest et al. [39]

Early stage after transplantation

Hepatic artery thrombosis

Technical reasons

Primary sclerosing cholangitis

Later stage after transplantation

Postoperative day 7 total bilirubin >55 pmol/L

Hepatic artery thrombosis

Jeong et al. [40]

Preservation-induced injury

Short duct diameter

Prolonged cold and warm ischemia times

Ductoplasty

Altered bile composition

Cytomegalovirus infection

Immunological injury

investigated [30, 34], and the effects of human
leucocyte antigen (HLA) mismatch and anti-
HLA antibodies on liver allograft survival are
controversial [30, 34-38].

Chronic stricture results in atrophy of the
hepatic segment of the lobe that drains into the
involved bile duct and hypertrophy of the unaf-
fected segments, leading eventually to secondary
biliary cirrhosis and portal hypertension.

Risk Factor

Among 531 patients who underwent LT, postop-
erative bile leakage, female donor/male recipient
combination, and a short stay in the intensive
care unit were associated with AS in univariate
analyses. Of these, postoperative bile leakage and
female donor/male recipient combination were
independent risk factors for AS [1].

In a cross-sectional study of 162 patients who
underwent LT from 2009 to 2010 [38], LT for
acute liver failure, ABO-compatible non-identical
LT, and donor-specific anti-HLA class II AB
were associated with AS in univariate analyses.
Of these, LT for acute liver failure and ABO-
compatible non-identical LT were independent
risk factors for AS. Also, specific chemokine
receptor polymorphisms and altered cytokine
profiles in the recipient promoted fibrotic tissue
remodeling leading to biliary stricture. Screening

for anti-HLA antibodies enables early detection
of biliary stricture in high-risk patients.

Hepatic artery thrombosis and primary scle-
rosing cholangitis are independent risk factors
for biliary stricture after LT [39]. Interestingly, a
total bilirubin level >55 pmol/L on postoperative
day 7 was also an independent risk factor and
may be a clinical indicator of biliary stricture. In
another study, hepatic artery thrombosis, a small-
diameter duct, ductoplasty, and cytomegalovirus
infection were independent risk factors for bili-
ary complications after LT [40]. The risk factors
for high-level biliary stricture after LT are listed
in Table 1.2.

Endoscopic Management

Difficulty in Endoscopic Treatment
of BBS

Endoscopic treatment in recipients of LDLT
with complex BBS with multiple ductal anasto-
moses and a bizarre configuration can be diffi-
cult [41]. The success rate of endoscopic
treatment of AS is lower in LDLT patients (58—
76%) than in DDLT patients (80-90%) [6, 17,
42]. In particular, endoscopic treatment of BBS
in LDLT patients characterized by high-level
biliary stricture is more difficult than DDLT
because of its anatomical nature (Fig. 1.1). In
particular, endoscopic treatment of BBS is more
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difficult in LDLT patients with high-level biliary
strictures than in DDLT patients (Fig. 1.1). The
reconstructed bile ducts in LDLT patients are
characterized by twisted biliary strictures or
small-caliber, multiple, complex anastomotic
bile ducts caused by anastomotic fibrosis and
hypertrophy of the donor liver [43]. Endoscopic
treatment is problematic because manipulation
of the device (including the guidewire) is diffi-
cult, multiple plastic stent insertion is hampered
by a lack of space in the intrahepatic bile duct
(IHD), a long stent is required, and only the
proximal part of the stent passes the stricture
site. Consequently, there is a high probability of
stent migration and dysfunction. Transient nar-
rowing of the biliary anastomosis that occurs
1-2 months after LT is predominantly due to
postoperative edema and inflammation, endo-
scopic treatment of which is highly likely to be
successful. However, if late-onset biliary stric-
ture after LDLT occurs or diagnosis is delayed,
the probability of failure of primary endoscopic
therapy is relatively high [44].

Balloon Dilatation and/or Plastic
Stent Insertion

Endoscopic management, consisting of biliary
sphincterotomy, balloon dilatation, and stent
replacement, is generally the first-line treat-

ment for biliary stricture after LDLT [45].
Extant reports on endoscopic management of
BBS after LDLT are listed in Table 1.3.
Repeated ERCPs at 2-3 month intervals are
preferred and require upsizing of the plastic
stent (8.0-11.5 Fr) or maintenance of six to
eight stents for at least 1 year (Figs. 1.4 and
1.5) [46]. There has been much debate as to
whether balloon dilatation alone is superior to
balloon dilatation with stent placement for
treating biliary stricture. Although stent place-
ment is associated with a higher incidence of
complications, balloon dilatation with stent
placement is superior to balloon dilatation
alone [47-49]. Balloon dilation (BD) with
multiple plastic stent (MPS) results in a clini-
cal success rate 50-75% higher than that of BD
alone [48]. In addition, insertion of multiple
stents is more effective for stricture dilatation
than is insertion of a single stent [49, 50].
Endoscopic sphincterotomy is often used to
relieve AS, but some clinicians prefer to insert
multiple large internal stents into the narrow-
ing bile duct, which prevents ERCP-induced
pancreatitis or enterobiliary reflux due to com-
pression of the pancreatic orifice. Moreover,
patients receiving LT should be given immuno-
suppressive agents, and the risk of infection
must be considered. Patients with biliary stric-
ture after LDLT in whom an internal endo-
scopic stent was placed above the intact

Table 1.3 Treatment outcomes of endoscopic management of anastomotic biliary stricture in living-donor liver

transplantation
No. of
No. of procedures | Technical | Clinical
patients per patients | success |success | Recurrence| Complication Recurrence
Author (year) | (n) Technique | (mean) rate (%) |rate (%) |rate (%) rate (%) treatment
Lee et al. 137 BD +stent | 4.8 46.7 - - - -
(2011) [78]
Kim et al. 147 BD +stent | 6.3 55.8 36.9 11.5 7.2 ERCP
(2011) [79]
Kurita et al. 94 BD +stent | 1.4 79.7 90.1 9.9 22.3 ERCP,
(2011) [51] PTBD,
re-LT
Hsieh et al. 41 BD +stent | 4.0 84.2 100.0 21.0 17.1 ERCP
(2013) [80]
Chok et al. 56 BD +stent | 3.0 - 73.2 - 40.0 -
(2014) [81]

BD biliary drainage, ERCP endoscopic retrograde cholangiopancreatography, PTBD percutaneous transhepatic biliary

drainage, LT liver transplantation
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Fig. 1.4 High-level benign biliary stricture treated with
multiple plastic stents (MPSs). An ERCP cholangiogram
shows a high-level biliary stricture (a). After 3 months,

five MPSs were inserted at the stricture site (b), and the
stricture was resolved (c)

Fig. 1.5 Limitation in plastic stent insertion due to
pouched-type benign biliary stricture. An ERCP cholan-
giogram shows a pouched-type biliary anastomosis (a).
The ability to position MPS was limited. Instead, after dif-

sphincter of Oddi achieved long-term stent
patency and a high remission rate [51].
However, because endoscopic sphincterotomy
facilitates dilatation of the stricture, placement
of stents, and removal of stones during repeated
ERCP procedures, additional studies are
needed.

ficult passage of a guidewire through the orifice at the site
of the pouched-type stricture (b), two FCSEMSs were
inserted at the stricture site (c¢)

Self-Expanding Metal Stents

Self-expanding metal stents (SEMSs) can also
be used to treat biliary strictures. Early anasto-
motic biliary stricture (ABS) (<6 months post-
LT) generally shows a good therapeutic response
to single endoscopic therapy, but treatment is
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prolonged by a stricture at the site of anastomo-
sis, likely due to ischemic injury [1]. In addition,
post-LDLT ABS occurs at a high level and
involves acute angulated bile duct anastomosis
and a narrow luminal space in the upper intrahe-
patic bile duct above the ABS. These features
hamper the treatment of high-level biliary stric-
tures. SEMS are of large diameter (30 Fr), which
reduces the number of ERCP attempts and accel-

erates stricture resolution. The main reasons of
stent occlusion are stent ingrowth and over-
growth and biliary stone and sludge formation in
the stent [52-55]. Fully covered SEMS
(FCSEMSs) overcome most of the disadvan-
tages of uncovered SEMS and can be removed
endoscopically, facilitating  treatment  of
BBS. Various types of FCSEMS are available
(Table 1.4 and Fig. 1.6).

Table 1.4 Biliary fully covered self-expanding metal stents (FCSEMs) commercially available

Diameter
Manufacturer Model Material (mm) Length (cm)
Boston The WallFlex Biliary RX Platinol covered with 8, 10 4,6,8
Scientific stent permalume
Taewoong Niti-S Biliary stent Nitinol covered with silicone |6, 8, 10 4,5,6,7,8,9, 10,
Medical 12
M.I. Tech Flap with Lasso Nitinol covered with silicone |8, 10 4,12
Standard Bonastent Nitinol covered with silicone | 10 4,5,6,7,8,9, 10
SciTech

Fig. 1.6 Commercially available fully covered self-
expanding metal stents (FCSEMSs). WallFlex Biliary
RX stent by Boston Scientific, MA (a). Niti-S Biliary
stent by Taewoong Medical, South Korea (b). Flap with
Lasso stent by M.I. Tech, South Korea (c¢). Bonastent by
Standard SciTech, South Korea (d). (Adapted from (a)
http://www.bostonscientific.com/en-US/products/
stents%2D %2Dgastrointestinal/wallflex-biliary-rx-

stents.html. (b) http://www.stent.net/products/gastroen-
terology/niti-s-self-expandable-metal-stent/niti-s-
biliary-stent/s-biliary-stent-covered-2/. (c¢) http://www.
mitech.co.kr/custom/prCustomView.do?disp_
idx=DPIDX00010&menu_nix=FS9X8VzA. (d) https://
www.mediteksystems.com/bonastent-standard-sci-tech/
bonastent-biliary/#.XGecpegzaUk)
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Fig. 1.7 Modified fully covered self-expanding metal
stents (FCSEMSs) named Kaffes. The central waist is
located at the center of the stricture site and is shorter than
those of other stents. The string facilitates stent removal.
(Adapted from http://www.stent.net/products/gastroenter-
ology/niti-s-self-expandable-metal-stent/niti-s-biliary-
stent/kaffes-biliary-stent-2/)

Compared with plastic stents, FCSEMSs have
better durability and patency and require fewer
ERCP procedures [56, 57]. The recurrence and
complication rates of FCSEMSs are comparable
with those of plastic stents [56]. In randomized
controlled trials of DDLT patients, a SEMS and
the use of multiple plastic stents were similar in
terms of the rate of stricture resolution, but the
SEMS required fewer total interventions [56, 58].
Stent migration is a major disadvantage of
FCSEMSs. According to a recent meta-analysis
of SEMSs for AS, the overall SEMS migration
rate was ~16% [59]. In addition, sludge or stones
may form in the stent cavity, and FCSEMS can
be indwelling for no more than 3—4 months. We
evaluated the efficacy of a short FCSEMS with a
string and central waist (Fig. 1.7) (Kaffes stent;
Taewoong Medical, Seoul, South Korea) [60] in
35 LDLT patients with refractory stricture. The
stricture resolution rate was 83% and the stent
migration rate 6%, and the Kaffes stent did not
migrate. Several cases of treatment with FCSEMS
insertion are shown in Figs. 1.8, 1.9, and 1.10.

Percutaneous Treatment

In general, percutaneous treatment can be applied
in patients with Roux-en-Y reconstruction sur-
gery or a severely stenotic or disconnected bile
duct that cannot be passed by an endoscopic ret-
rograde approach [61] (Fig. 1.11). Percutaneous
therapy is often considered a second-line alterna-
tive treatment, despite its high success rate,
because the procedure is invasive and may cause
post-procedural discomfort. Percutaneous ther-

apy also has risks of bleeding, pseudoaneurysm,
bile leakage, and infection [62]. However, percu-
taneous transhepatic drainage (PTBD) can be
successful in cases of ERCP failure, especially in
patients with hilar-level BBS. Endoscopic ther-
apy in patients with a pouched bile-duct anasto-
mosis has the lowest success rate. In our previous
study [63], 15 of 22 patients (68%) with post-
LDLT biliary strictures in whom endoscopic
therapy failed were treated successfully by
PTBD. This is also true for patients with malig-
nant hilar lesions [64].

Rendezvous Technique

An endoscopic technique and percutaneous tran-
shepatic cholangiography can be combined to
facilitate bile duct cannulation, known as the ren-
dezvous method. In addition, replacing the PTBD
catheter with an internal-drainage stent via ERCP
is difficult if passage of the guidewire is
obstructed by angulated or twisted biliary stric-
tures. The rendezvous technique can overcome
this difficulty (Fig. 1.12). In the classic rendez-
vous technique, the guidewire is passed through
the PTBD tract for an endoscopic approach to the
bile duct. However, because it is not easy to
manipulate, the rendezvous technique using the
Kumpe (KMP) catheter (5 Fr, 40 cm; Cook,
Bloomington, IN) was used to treat biliary stric-
tures after LDLT [65] In that study, the KMP
catheter resulted in a significantly shorter proce-
dure time than that using a guidewire. End-to-end
contact between an ERCP cannula and the end of
a KMP catheter can be achieved because the tip
of the KMP catheter is short, angled, and easy to
rotate. Thus, KMP catheter rendezvous tech-
niques may be recommended for recipients of
LDLT who have angulated or twisted anasto-
motic biliary strictures.

Surgery

Endoscopic management is the most important
treatment for BBS but is unsuitable for recur-
rent or refractory BBS. Therefore, surgical
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Fig. 1.8 First case of hilar BBS after LDLT treated with
the Kaffes FCSEMS. An ERCP cholangiogram shows the
shape and length of the stricture site (a). The guidewire
was passed through the stricture site (b), and the Kaffes
stent was located and deployed. A plastic stent was co

treatment may be considered to prevent sepsis
and graft failure when refractory biliary stric-
tures recur despite endoscopic or percutaneous
treatment [66]. Surgical treatment includes
repair of the biliary anastomosis, conversion
from duct-to-duct anastomosis to hepaticojeju-
nostomy (HJ), and retransplantation. HJ anas-
tomosis comprises end-to-side and side-to-side
HJ. Side-to-side HJ has several theoretical

inserted to prevent IHD occlusion draining into the
CHD. After ~3 months, the Kaffes stent was removed by
grasping the long string using alligator forceps (¢), and the
stricture had resolved (d)

advantages over end-to-side HJ. First, there is
no need to dissect the posterior aspect of the
bile duct, thus avoiding injury to the hepatic
artery due to post-LT adhesion. Second, side-
to-side HJ can be used for endoscopic treatment
at the time of stricture relapse. However, side-
to-side HJ is only possible when the native
common bile duct is of sufficient length.
Therefore, side-to-side HJ may be suitable for
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Fig. 1.9 Second case of hilar BBS after LDLT treated
with the Kaffes FCSEMS. (a) An ERCP cholangiogram
shows the shape and length of the stricture site. The guide-
wire was passed through the stricture site (b), and the

reconstruction of the bile duct after failed endo-
scopic treatment [67].

New Attempts

New types of balloons and stents can be used for
the management of biliary strictures. The balloon
dilatation method has a relatively high failure
rate for severely fibrotic anastomotic bile ducts.
In that case, percutaneous cutting balloon inci-

Kaffes stent was deployed. After ~3 months, the Kaffes
stent was removed by grasping the string using alligator
forceps (c), and the stricture had resolved (d)

sion and dilation may be used to treat biliary AS
after LT [68]. During balloon inflation, a 1-cm-
long microsurgical blade is exposed to incise the
stenotic segment. There are no major or minor
procedure-related complications related to the
procedure, and failure was reported in only one
case.

In a 2012 study, among 13 patients with symp-
tomatic AS after LT paclitaxel-eluting balloon
dilation, 12 had no recurrence for 24 months, and
the long-term clinical success rate was 92.3% [69].
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Fig. 1.10 Third case of hilar BBS after LDLT treated
with the Kaffes FCSEMS. A 49-year-old male was
referred to our hospital for anastomotic BBS 10 years
after a right lobectomy for hepatocellular cancer and was
successfully treated with an FCSEMS. BBS at the hilar

Direct cholangioscopy (SpyGlass; Boston
Scientific Inc., Natick, MA) enables direct visu-
alization of the inner wall of the bile duct and is
in use in selected medical centers. The SpyGlass
per oral cholangioscopy system is designed to be
used by a single operator, as opposed to the two
operators required for the mother—baby scope
technique. The SpyGlass system comprises the
SpyGlass fiber optic probe (reusable) and the
SpyScope access and delivery catheter, a single-

level (a). The guidewire was passed through the stricture
site, balloon dilatation was performed (b), and a Kaffes
stent was deployed (c). After ~3 months, the Kaffes stent
was removed, and the stricture had resolved (d)

use disposable delivery system. This method not
only enables clear visualization of the opening of
the stricture but also simultaneously facilitates
rapid cannulation, obviating the need for a repeat
ERCP/percutaneous approach or for revision sur-
gery [70].

Self-expanding stents made of bioabsorbable
material are also treatment options for BBS [71].
The material most commonly used in self-
expanding biodegradable biliary stents is the



Y. M. Kim et al.

Fig. 1.11 High-level biliary stricture treated with percu-
taneous treatment. A 53-year-old female presented with
high-level biliary stricture after Roux-en-Y choledochoju-
jenostomy due to a choledochal cyst. An MRCP image (a)
shows a biliary stricture at the choledochojujenostomy
site. Because of the biliary reconstruction, the stricture
was impossible to approach via ERCP, so we passed the

guidewire via a percutaneous approach (b). The PTBD
was passed through the stricture site, and the tip was
located in the jejunum (c). A fully covered retrievable bili-
ary stent was placed along the PTBD tract (d). PTBD
exchange was performed every 2 months, and the stricture
was resolved 6 months later (e). Finally, both stents and
the PTBD were removed (f)

Fig. 1.12 High-level biliary stricture treated with rendez-
vous technique. A 54-year-old male with a hilar stricture
due to non-B, non-C hepatocellular cancer after LDLT
successfully treated with the rendezvous technique. An
ERCP cholangiogram shows that the contrast dye extended
to the distal IHD, but guidewire passage failed (a). The

guidewire was passed through the stricture site using a per-
cutaneous approach via the B6 bile duct (b). The guidewire
was lowered through the PTBD tract to the duodenum by
the anterograde method (c¢), and a Kaffes stent was inserted
through the guidewire by the retrograde method (d, e).
After 3 months, the stricture was resolved (f)
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synthetic polymer poly-dioxanone. Biodegradable
biliary stents did not result in unexpected adverse
events after 2 years of follow-up, and the long-
term success rate was >80% [72, 73].

In 2005, magnetic compression anastomo-
sis was introduced as an interventional treat-
ment to create an anastomosis between the
enlarged bile duct and the small intestine. This
method involves opening the bile duct causing
ischemic necrosis of the stenotic biliary duct
by gradually compressing two strong magnets
between the two narrowed bile ducts. It
enables a new tract to be formed between two
completely blocked or disconnected biliary
tracts [74-77]. This method is described in
Chaps. 3 and 4.

Conclusion

In conclusion, high-level biliary strictures, which
occur at or around the bifurcation of the left and
right hepatic ducts, are common complications
after LDLT. The causes of high-level strictures
are diverse, and their pathophysiology is associ-
ated with the inflammatory response. Clinicians
should take into account the risk factors for high-
level strictures and closely monitor patients with
these factors. Endoscopic management is typi-
cally the first-line treatment for biliary strictures
after LDLT. The FCSEMS is superior to use of
multiple plastic stents in terms of treatment out-
comes, and specially designed types of FCSEMSs
are available commercially.
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I: Concept and Methods
of Magnetic Compression

Anastomosis

Yool Lae Kim, Sung Il Jang, and Dong Ki Lee

History

The concept of compression articulation was
originally proposed in 1826 by Denan, who
described a newly formed anastomotic fistula
caused by ischemic compression of tissue [1].
Denan’s spring-loaded device was further devel-
oped by Murphy in 1892 and became known as
the Murphy button [2-5]. This technique allows
for the formation of a circular anastomosis of
the intestinal tract by ischemic compression of
the tissues between the two buttons and is used
to prepare a sutureless connection through end-
to-end or side-to-side ischemic compression. It
was the first surgical device made for such a
purpose [6]. In 1991, an attempt was made to
compress an anastomosis using a compression
button and an improved Murphy button in an
animal study [7]. This device was used to create
a compression anastomosis by contacting two
screws. The physical contact can be replaced by
a magnetic force mediated by a magnetic field.
The effects of magnetic force in the intestinal
tract were analyzed after swallowing a magnet
in some children who had natural perforation or
fistulas [8—11]. In 1980, Jansen et al. [12] con-
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ducted the first human experiment to achieve
tissue compression with magnetic force com-
pression. Magnetic compression-induced muco-
sal anastomosis was successfully performed in
five patients undergoing colonic resection. In
1993, Saveliev et al. [13] conducted clinical and
laboratory studies on mongrel dogs, and chole-
cystoenteric, enteroenteric, and magnetic chole-
cystogastric anastomoses were successful. In
addition, data from four patients who underwent
cholecystogastric anastomosis and one patient
who underwent cholecystoduodenal anastomo-
sis indicated the possibility of endoscopic mag-
netic cholecystoenteric anastomosis [14].
Attempts have been made to evaluate the con-
cept and clinical utility of magnetic resonance
[15]. In 1998, Yamanouchi et al. [16] introduced
the magnetic compression anastomosis (MCA)
method and successfully established a bile duct-
small intestinal fistula. Other clinical results
have also been reported [17-32].

Magnets

Magnetic force is very important for the success of
MCA. Rare earth magnets are classified as neo-
dymium-iron-boron magnets and samarium-cobalt
(Sm-Co) magnets. Both types are suitable for
MCA because of their high flux density and reten-
tion. However, the retention of Sm-Co magnets is
stronger than that of neodymium-iron-boron

D. K. Lee (ed.), Advanced ERCP for Complicated and Refractory Biliary and Pancreatic Diseases,
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magnets, and they are used more frequently [17—
20, 26, 33]. A magnetic force determination algo-
rithm (MAGDA) is used to calculate the magnetic
force of a magnet [14, 33]. It has been assumed
that calculating magnetic forces will help predict
the success of MCA. Several variables, such as the
shape of the magnet, diameter, nature of the mate-
rial, magnetic grades, strength, and experimentally
estimated or derived strength between in vivo
magnets, are inputted into the MAGDA.

Animal Studies

In the 1990s, efforts were made to induce com-
pression anastomosis through magnetic attrac-
tion between strong rare earth magnets. In 1995,
Cope et al. [34, 35] demonstrated the feasibility
and safety of MCA by creating bilioenteric and
enteroenteric anastomoses in pigs. Cope used
neodymium-iron fluoride or rare earth Sm-Co
magnets to perform cholecystogastric and chole-
cystojejunal anastomoses in pigs, and a bilioen-
teric anastomosis formed as a result of MCA
after 9-16 weeks [34]. Preliminary studies have
shown that magnets can be used to make entero-
enteric anastomoses without a short-term leak in
pigs [35]. The shape of the magnet used in subse-
quent MCA studies was modified to amplify the
magnetic effect, and further animal studies were
performed. Jamshidi et al. [21] performed MCA
using a uniform and tapered suture method com-
pared with an additional hand-stapled anastomo-
sis. In addition, gross appearance, histology, and
mechanical stability were evaluated, and func-
tional radiological evaluation was performed. No
severe complications or stenoses were observed.
The rupture pressures of the anastomosis formed
by MCA and the anastomosis formed by surgery
did not differ. On pathological examination, the
anastomosis formed by MCA demonstrated con-
tinuity of serous, submucosal, and mucosal lay-
ers, and no ischemia or necrosis was observed.
Thus, the MCA was safe and similar, or even
superior, to anastomosis made with conventional
sutures or a stapler [21]. In addition, the same
team showed that MCA-assisted enteroenteros-

tomy is feasible using modified magnets in the
form of convex-concave radial symmetry [36].
Achieving a reliable enteric anastomosis requires
the design and development of a controlled MCA
system (magnamosis) that optimizes magnetic
coupling, distance between magnets, and surface
matching [37]. A magnamosis device has three
main features: (1) two convex-concave radial
symmetrical rings that self-align magnetically,
(2) ring-shaped magnets allowing immediate
opening, and (3) radial terrain specially designed
to facilitate necrosis at the center and to heal
nearby. This ensures that the anastomosis will not
be punctured.

In addition to modifications to the magnets,
animal studies were performed to optimize the
endoscopic magnet supply [38]. A modular soft
magnetic anastomosis device was developed
without leakage. One study used a partially cov-
ered stent to improve the modular shape of the
magnet and the opening of the MCA fistula [39].
Inserting a partially covered stent into the gastro-
enteric anastomosis formed by the MCA main-
tained the opening for more than 7 weeks. A
compression anastomosis using magnets has
been experimentally tested in blood vessels and
the biliary and gastrointestinal tracts [40].

Human Studies

In 1998, Yamanouchi et al. [16] successfully
introduced the MCA method and successfully
established a bile duct-small intestinal fistula.
Other clinical results have also been reported
[17-32]. Thereafter, MCA has been successfully
used for biliobiliary anastomoses and bilioenteric
anastomoses. Long-term follow-up data on side
effects and restenosis after the procedure are still
lacking. However, some results have demon-
strated the stability and effectiveness of the
method. Jang et al. studied 39 patients who
underwent MCA, and recanalization was suc-
cessful in 35 patients [41]. One patient had mild
cholangitis, and none died. The average follow-
up period was 41.9 months, and restenosis was
confirmed in one patient.
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Indication of MCA

The development of nonsurgical treatments,
including  endoscopic and  percutaneous
approaches, enables reperfusion of benign or
malignant postoperative severe biliary strictures
[25, 42-45]. However, non-operative treatment
has limited effectiveness for severe biliary stric-
tures or complete occlusion, and inserting and
maintaining a drain catheter is necessary in
patients who fail to respond to stricture treat-
ment using conventional methods. Therefore, the
indications of MCA are severe biliary stricture
or a complete obstruction that cannot be treated
using endoscopic or percutaneous treatment
(Fig. 2.1) [17-24].

Methods
Outline of the Procedure

The magnets used in MCA are cylindrical Sm-Co
rare earth magnets that can be delivered in a vari-
ety of ways [33]. The most common delivery
pathways are percutancous and peroral. The
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Fig. 2.1 Indications for magnetic compression anasto-
mosis (MCA). MCA was performed for a refractory
benign biliary stricture that could not be treated using con-

MCA procedure is divided into four steps: (1)
delineating the track to deliver the magnet, (2)
magnet approximation, (3) magnet removal, and
(4) maintenance and removal of the internal
catheter.

Step 1: Track Formation for Magnet
Delivery

The percutaneous transhepatic biliary drainage
(PTBD) route is formed using a PTBD catheter to
deliver the magnet. The PTBD catheter is
exchanged with an 18-Fr sheath prior to MCA
approximation, allowing for convenient insertion
of the magnet through the PTBD catheter, which
reduces intrahepatic duct damage. After a full
endoscopic sphincterotomy (EST) and balloon
dilatation or retrieval, a fully covered self-
expandable metal stent (FCSEMS) is temporarily
inserted into the common bile duct (CBD) to
facilitate delivery of the magnet via the oral route
(Fig. 2.2).

Step 2: Magnet Approximation

A screw attached to one magnet is fixed to a
polypectomy snare and the magnet is moved to
the anastomosis site via the 18-Fr PTBD

ventional endoscopic and/or percutaneous methods
because of a complete obstruction through which the (a)
guide wire or (b) dye was unable to pass
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Fig. 2.2 Magnet delivery routes. (a) A percutaneous
transhepatic biliary drainage (PTBD) tract was formed
and dilated to 16-Fr size. (b) The PTBD catheter was
changed to an 18-Fr sheath to deliver the magnet without
injuring the duct. (¢) The location of the 18-Fr sheath was
confirmed using contrast dye under fluoroscopy. (d) The
orifice of the ampulla was opened after endoscopic

sheath. The polypectomy snare passes through
the channel of an endoscopic retrograde
cholangiopancreatography (ERCP) scope, and
the other magnet is fixed in front of the scope.
The magnets are moved to the anastomosis site
via FCSEMS, and MCA approximation is pos-
sible owing to the attraction between the two
magnets. The magnet is advanced through the
PTBD and ERCP tracks using a balloon cathe-
ter to better approximate the magnet. The
approximation of the two magnets is confirmed
by radiography. Next, the long sheath tube is
removed, and an indwelling PTBD catheter is
inserted. The FCSEMS inserted in the CBD is
removed immediately after the magnets are
approximated (Fig. 2.3).

Step 3: Magnet Removal
When a fistula is formed due to ischemic necrosis
caused by an approximated magnet, the magnet

sphincterotomy using endoscopic retrograde cholangio-
pancreatography (ERCP). (e) A retrievable fully con-
verted self-expandable metal stent (FCSEMS) was
inserted into the common bile duct to facilitate delivery of
the magnet. (f) The location of FCSEMS was confirmed
using contrast dye under fluoroscopy

is moved naturally to the duodenum (Fig. 2.4).
However, if spontaneous movement does not
occur after 8-10 weeks, the magnet can be
pushed out using a guidewire or -catheter.
Percutaneous  transhepatic ~ cholangioscopy
(PTCS) can also be used to remove the magnet
through the PTBD tube (Fig. 2.5).

Magnet Preparation

As the silk thread and magnet are separate and
the magnet is difficult to manipulate during
the procedure, we developed our own rare-
earth magnets. We connected the silk thread
by making a hole in the opposite side of the
magnet. In addition, we made the magnets
4 mm in diameter, resulting in a 50% stronger
magnetic force than the previously used mag-
nets (Fig. 2.6) [17].
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Fig. 2.5 The process of magnet removal using percutane-
ous transhepatic cholangioscopy (PTCS). If the approxi-
mated magnets do not move spontaneously to the bowel
within 8—10 weeks, they can be removed using a PTCS
scope. (a) The approximated magnets are visualized using
a PTCS scope. (b) The silk thread attached to the magnet
was used to ease detachment from the approximated mag-
nets. (¢, d) The other magnet is removed by contrast injec-

Pre-evaluation for MCA

The pre-MCA evaluation is limited to planning
outcomes and treatment methods. This problem
should be improved. The success of MCA is
determined by several factors, such as length of
the stenosis, shape of the bile duct, orientation of
the magnet, and the biliary axis. The main causes
of MCA failure are a long stenosis, tapered or
twisted bile duct, or misalignment [17, 18]. The
longer the stenosis, the weaker the magnetic
force. In this situation, necrosis due to compres-
sion does not occur, and no fistula forms.
Therefore, an accurate assessment of the length
of the stenosis is important before MCA. However,
current noninvasive imaging studies, such as
computed tomography (CT), ultrasound, and
magnetic resonance cholangiopancreatography,
cannot be used to accurately assess the length of

tion or pushing with a catheter. (e) A 16-Fr percutaneous
transhepatic biliary drainage (PTBD) catheter is inserted
through the newly formed fistula after the detached mag-
net is moved to the common bile duct (CBD). (f) A fully
converted self-expandable metal stent (FCSEMS) is
inserted at the newly formed fistula, and the previous
PTBD catheter is removed

a stenosis. The evaluation of cholangiogram-
based biliary ducts is fairly accurate, but it has
the disadvantage of requiring invasive proce-
dures, such as ERCP and PTBD. In addition to
stenosis length, the axis and shape of the bile duct
are important parts of the MCA pre-evaluation. If
the bile duct is tapered and twisted, even if the
stenosis is short, the magnet cannot reach the ste-
nosis and the actual distance between the two
magnets will be longer than the length measured
before MCA, eventually leading to MCA failure
(Fig. 2.7) [17]. The axis of the bile duct also
determines the alignment direction of the mag-
net. Even if the distance between the magnets is
short and MCA is successful, if the magnets align
in parallel, the weak magnetic force eventually
causes the procedure to fail [17, 18]. Non-
invasive examinations are limited for finding
suitable MCA candidates because factors such as
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Fig. 2.6 Magnet preparation. (a) The originally used thread was passed through the hole and attached with
magnet had a side hole. (b-d) A hole was drilled in the strong adhesive. This magnet was smaller but stronger
new magnet on the side opposite the alignment side. A silk  than the first

Fig. 2.7 Cholangiogram showing failed magnetic compression anastomosis (MCA). The main causes of unsuccessful
MCA are long length of the stricture (a), tapered or tortuous duct, and/or parallel axis of alignment (b)
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the length of the stenosis and the shape and axis
of the bile duct needed for a successful MCA
cannot be accurately determined. Therefore, the
results can only be known when MCA is actually
applied.

Securing the Two-Magnet Route

The choice of magnet delivery method depends
on the type of anesthesia required, history of the
operation, and patient characteristics. Biliobiliary
anastomosis delivers magnets through PTBD and
ERCP. It is better to use 16- or 18-Fr sheaths
through the PTBD tract to prevent damage to the
duct during magnet transfer. Delivering a magnet
to the CBD is more difficult than using the PTBD
and often fails because it requires ERCP and must
be through the ampulla of Vater. Delivering 5-mm
magnets is difficult by EST alone, and balloon
dilation is often used but makes manipulation of
the magnet difficult [17]. To solve this problem, a
metal stent can be temporarily inserted into the
ampulla of Vater [17, 29]. To minimize stent
migration and pancreatitis, it is advisable to mini-
mize stent indwelling time, so that the stent is
inserted 1 day before administration of MCA. In
general, transferring magnets through ERCP in a
Roux-en-Y bilioenteric anastomosis is difficult
due to the long length of the E-loop and A-limbs
and the risk of perforation. In this case, a colono-
scopic scope with a transparent cap and a balloon
endoscope may be helpful [18]. In all cases, how-
ever, there is no guarantee of success, and there is
risk of intestinal perforation. A method to deliver
a magnet through the skin/intestinal fistula opera-
tively has been reported as an alternative [18, 46].
The magnet delivery method should be selected
by considering patient characteristics, surgical
history, and required anastomosis, but further
development of safe and effective delivery meth-
ods is needed.

Route 1: PTBD Track and Endoscopic
Approach

An endoscopic approach is the most commonly
used MCA method for biliary stenosis after

living-donor liver transplantation (LDLT). It is a
method of transferring magnets by securing a
percutaneous pathway and carrying other mag-
nets through an oral approach to achieve mag-
netic alignment (Fig. 2.8).

Route 2: PTBD Tract and PTBD Tract

Both the left intrahepatic duct (IHD) and right
IHD are anastomosed to the jejunum, and the
right THD is occluded. Two percutaneous tran-
shepatic cholangioscopy scopes are used to
deliver the magnet using percutaneous transhe-
patic biliary drainage through the right IHD tube
(one scope) and another magnet through the left
IHD tube (second scope) to approximate the
magnets (Fig. 2.9).

Route 3: PTBD Tract and a Surgically
Formed Fistula

Patients who have undergone LDLT with hepati-
cojejunostomy often have difficulty accessing
peroral endoscopy to the afferent loop. The pro-
cedures are described in more detail below. In
this case, the magnet can be effectively delivered
by passing the endoscope after incision in the
afferent loop by performing a surgical interven-
tion (Fig. 2.10).

Removing the Magnets
and Maintaining the Re-canalized
Fistulous Tract

Removal of the Magnets

As aresult of magnet approximation, the stricture
tissue becomes sandwiched between the two
magnets, and resulting compression causes isch-
emic necrosis to occur. As the magnets gradually
approach each other, the attraction between them
strengthens, and ischemic necrosis is accelerated,
causing the formation of a new fistula. The
approximated magnets may undergo spontaneous
migration into the bile duct or bowel through this
newly formed fistula (Fig. 2.4). To confirm
whether the magnets pass through the anastomo-
sis site, plain abdominal radiographs are taken at
2-week intervals for 6-8 weeks after successful
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Fig. 2.8 Magnet delivery method: percutaneous transhe-
patic biliary drainage (PTBD) tract and peroral tract. (a,
b) One magnet is delivered via the PTBD tract and another
magnet is delivered via the common bile duct (CBD) in a
patient with biliobiliary stricture after living-donor liver

magnet approximation. If the magnets maintain a
close approximation without spontaneously mov-
ing after 10 weeks, they are removed through the
PTBD tract using a PTCS scope (Fig. 2.5).

In a previous study, the mean time for success-
ful magnet removal after magnet array was
53.3 days (range, 9-181 days) for a biliobiliary
anastomosis and 7-40 days for a bilioenteric
anastomosis [31]. The time to successful removal

transplantation. (¢, d) One magnet is delivered via the
PTBD tract and another magnet is delivered via the jeju-
num using cap-assisted colonoscopy in a patient with bil-
ioenteric stricture after Whipple’s operation

of the magnet array is determined by the distance
between the two magnets, the strength of the
magnetic field, and the histological differences at
the occlusion site. The distance between the two
magnets (2—7 mm) is shorter for a bilioenteric
anastomosis than for a biliobiliary anastomosis
(2-15 mm). In general, partial reperfusion
requires a minimum of 10 days for a short occlu-
sion and up to 1 month for long lesions [31].
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Fig. 2.9 Magnetic compression anastomosis (MCA)
using different delivery pathways to form bilioenteric
anastomosis. (a) A catheter is inserted into the right intra-
hepatic duct (IHD) and percutaneous transhepatic cholan-
gioscope (PTCS) enters the left IHD. (b) PTCS enters the

Recanalized Fistulous Tract

After the magnets have been removed, and the
recanalized fistula has been confirmed endoscopi-
cally or fluoroscopically, a PTCS catheter or
FCSEMS is temporarily inserted to maintain the
tract after removing the magnets 4-6 months later
(Fig. 2.11). Research on these two methods has been
carried out. A total of 49 patients were enrolled in
the study. The comparison between PTCS (n = 16)
and FCSEMS (n = 33) showed that both methods
were equivalent in terms of safety and efficacy.
However, as PTCS has a long indwelling duration
and has the disadvantage of being replaced, it is
more convenient for patients to use FCSEMS [47].

ight IHD and total obstruction of the IHD and jejunum is
confirmed. (¢) Magnet delivery using both PTCS. (d) The
magnet is delivered to the left IHD through the jejunum
using the PTCS. Magnet approximation is achieved
through magnetic force

Recoiling

Current long-term clinical follow-up data after
MCA treatment are insufficient. However,
because MCA forms a fistula as a result of tissue
necrosis without enlargement of fibrous tissue,
the risk of restenosis due to reorganization of the
fibrous tissue is low. Restenosis was not reported
for 3 years in one patient who underwent a bilio-
biliary anastomosis [30]. Twenty-one patients
with biliary stenosis after LDLT were followed
up for 331 days, and one patient underwent
reperfusion using PTBD [17]. In one study, no
restenosis was observed for 50 months [18]. No
recurrence was observed 30 days after MCA in
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Fig. 2.10 Magnet delivery using the percutaneous tran-
shepatic biliary drainage (PTBD) tract and a surgical fis-
tula. (a) A stricture occurred after living-donor liver
transplantation with hepaticojejunostomy, and the con-
trast agent did not move to the jejunum. (b) Magnet deliv-
ery via percutaneous transhepatic cholangioscopy and

patients with malignant tumors [22]. The low
recurrence rate after MCA has been confirmed in
a large, long-term follow-up study.

Safety and Feasibility

The validity and safety of biliobiliary and bil-
ioenteric anastomoses made using MCA has
been demonstrated in both human and animal
studies. In addition, Avaliani et al. [22] used
MCA to form anastomoses between the bile

intraoperative endoscopy to the incision in the afferent
loop are performed. (¢) Magnet approximation was suc-
cessful by increasing magnetic power after increasing the
number of magnets in the PTBD side. (d) The magnet in
the jejunum was seen at the endoscopic view after
approximation

duct and the duodenum or jejunum in 34
patients with malignant strictures, but MCA
was not used to recanalize a malignant obstruc-
tion. A re-procedure was required in six sub-
jects. However, MCA is not routinely
performed to treat malignant biliary obstruc-
tions that can often be treated using conven-
tional peroral or percutaneous methods.
Doppler ultrasonography and follow-up may
be performed because of the possibility of rupture
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Fig.2.11 Two methods for maintaining a new fistula cre-
ated by magnetic compression anastomosis (MCA). (a)
Magnets were approximated via two delivery tracts in
patients with post-living-donor liver transplantation
(LDLT) stenosis. (b) A percutaneous transhepatic cholan-
gioscopy (PTCS) catheter was inserted through the new
fistula after removing the magnets. The PTCS catheter
was maintained for 6 months by exchanging every

during MCA treatment if there are blood vessels
between the two magnets [26, 46]. However, no
vascular tears or other complications have been
reported in clinical trials. This is thought to be
due to the relatively long time required to form
the channel after MCA. Using two magnets
makes them closer to each other. Therefore, com-
pression or rupture is not anticipated even if there
are blood vessels between them.

3 months and removed thereafter. A well-established fis-
tula was seen on PTCS. (¢) The magnets were approxi-
mated via two delivery tracts in patients with post-LDLT
stenosis. (d) A fully covered self-expandable metal stent
(FCSEMS) was inserted endoscopically through the new
fistula after removing the magnets. The FCSEMS was
removed after 3 months. The FCSEMS removed is shown
at the bottom right of the photograph

Summary

MCA is a feasible and safe non-surgical treatment
for occluded benign biliary strictures that are dif-
ficult to resolve using conventional endoscopic or
percutaneous methods. MCA assessment meth-
ods, small and powerful magnets, and effective
magnet delivery systems must be developed to
predict outcomes for effective MCA and success-
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ful re-opening. In addition, endoscopists should
fully understand the mechanism and principles of
MCA and expand the clinical indications of MCA

to

apply and develop technologies in various

fields. Although the number of cases reported to
date is small, MCA is effective and safe, with a
lower recurrence rate and less invasiveness than
other treatments for benign biliary stenosis.
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Introduction

Potentially fatal complications commonly
develop in the biliary system after biliary sur-
gery, including liver transplantation, despite
continuous advancement of surgical techniques.
An anastomotic stricture may develop due to
hypertrophic changes and ischemic injury
caused by extensive stripping of the blood ves-
sels of the bile duct of the donor liver during
surgery. The development of acute angulation
and torsion between the recipient and donor
bile ducts renders management more difficult
[1-4]. Although anastomotic stricture is the
most common surgical complication in living-
donor liver transplantation (LDLT), no stan-
dardized treatment protocol for such strictures
has been established [5-8].

In the early period of LDLT, most bile duct
complications were treated surgically. However,
surgical treatment is associated with high rates of
morbidity and mortality and may not be recom-
mended for patients with serious complications,
such as bile duct inflammation [9]. When an
interventional radiology technique is used after

S. L. Jang - M. J. Won - D. K. Lee (<)
Department of Internal Medicine, Gangnam
Severance Hospital, Yonsei University College of
Medicine, Seoul, South Korea

e-mail: aerojsi@yuhs.ac; dklee@yuhs.ac

© Springer Nature Singapore Pte Ltd. 2020

percutaneous transhepatic  biliary drainage
(PTBD), bile ducts occluded by stenosis may be
recanalized with a guidewire and balloon dilator.
Balloon dilation or the placement of plastic or
metal stents, guided by endoscopic retrograde
cholangiopancreatography (ERCP), may also
yield favorable results [3]. Advances in non-
surgical methods, including endoscopic and per-
cutaneous techniques, have enabled recanalization
of biliary strictures. Overall, non-surgical treat-
ment of anastomotic stenosis and obstruction
after biliary operation is more effective than sur-
gical treatment [7, 10].

Unfortunately, balloon dilation or stent inser-
tion cannot be performed when the guidewire
does not pass through the duct-to-duct anasto-
motic obstruction percutaneously or endoscopi-
cally because of complete obstruction, severe
stenosis, or deviation of the duct. In such patients,
an external PTBD catheter must be maintained to
support life, which burdens the responsible phy-
sician and the patient.

In 1998, Yamanouchi et al. [11] introduced
magnetic compression anastomosis (MCA),
which is now an accepted non-surgical technique
for the reconstruction of anastomotic sites in the
digestive system [12-22]. In this chapter, we
classify biliary strictures that develop after bili-
ary surgery as biliobiliary and bilioenteric and
discuss the clinical results of MCA for each
stricture type.
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MCA for Biliobiliary Stricture

MCA for Treatment of Post-LDLT
Stricture

Despite advances in surgical techniques, fatal
complications frequently arise after liver trans-
plantation. Anastomotic strictures develop in
5-15% of deceased-donor liver transplant
(DDLT) recipients and 28-32% of LDLT recipi-
ents [23]. The ischemic injury [2] and the hyper-
trophic change [1] caused by extensive
detachment of the blood vessels during surgery
induce duct-to-duct anastomotic stenosis [3]. In
addition, torsion and sharp angles between the
donor and recipient bile ducts hamper the man-
agement of stenosis [4]. Bile duct anastomosis is

the most common surgical complication of
LDLT, but no protocol for its treatment has been
established [5-8, 24].

The magnets used in MCA are cylindrical
Sm-Co rare-earth magnets of various powers that
can be delivered by a variety of methods; the
most common methods are percutaneously and
per oral. MCA can be divided into the following
four steps (Fig. 3.1): (1) tract formation for mag-
net delivery, (2) magnet approximation, (3) mag-
net removal, and (4) maintenance and removal of
the internal catheter.

1. Tract formation for magnet delivery. A PTBD
tract for magnet delivery is formed using a
16-Fr PTBD catheter. The PTBD catheter is
exchanged for an 18-Fr sheath prior to MCA

Fig. 3.1 Cholangiograms showing magnetic compres-
sion anastomosis for a biliobiliary stricture developing
after living-donor liver transplantation. (a) After insertion
of a percutaneous transhepatic biliary drainage (PTBD)
catheter, the tract was dilated to 16 Fr. (b) After insertion
of a covered self-expandable metal stent into the common
bile duct (CBD), a magnet attached to a polypectomy
snare was delivered using an endoscopic retrograde chol-
angiopancreatography scope through the CBD. A second
magnet was fixed to alligator forceps and moved toward

the anastomosis site through the PTBD tract after inser-
tion of an 18-Fr sheath. (¢) The magnets were approxi-
mated, and the PTBD catheter was inserted. (d) After
6 weeks, the approximated magnets were removed by per-
cutaneous transhepatic cholangioscopy through the PTBD
tract. (e) A retrievable, fully covered self-expandable
metal stent (FCSEMS) was inserted for 6 months. (f)
Finally, the FCSEMS was removed and a new fistula was
formed
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approximation to facilitate magnet insertion via
the PTBD tract and to reduce duct injury. In the
common bile duct (CBD) tract, full endoscopic
sphincterotomy and balloon dilation or tran-
sient insertion of a retrievable, fully covered
self-expandable metal stent (FCSEMS) are
used to facilitate magnet delivery.

2. Magnet approximation. A thread attached to a
magnet is fixed to a polypectomy snare, and
the magnet is moved to the anastomosis site
via the PTBD tract. The polypectomy snare is
passed through the channel of an ERCP scope,
and a second magnet is fixed in front of the
scope. The magnet is moved to the anastomo-
sis site through the FCSEMS, and MCA
approximation occurs as a result of attraction
between the two magnets. To better approxi-
mate the magnets, a balloon catheter may be
used to advance the magnets through the
PTBD and ERCP tracts. Approximation of the
two magnets is confirmed radiographically.
Next, the long sheath tube is removed and an
indwelling PTBD catheter is inserted. The
FCSEMS in the CBD is removed immediately
after magnet approximation.

3. Magnet removal. When a fistula forms because
of ischemic necrosis caused by the approxi-
mated magnets, the magnets spontaneously
migrate to the duodenum. However, if sponta-
neous migration does not occur after
8-10 weeks, the magnets can be pushed out
using a guidewire or catheter. The magnets
can also be removed through the PTBD tract
via percutaneous transhepatic cholangioscopy
(PTCS).

4. Maintenance and removal of the internal cath-
eter. After magnet removal, a 14-16-Fr inter-
nal catheter is inserted into the fistula and
maintained in situ for 4-6 months to reduce
the probability of re-stenosis of the fistulous
tract. An FCSEMS is more useful than an
internal catheter because the FCSEMS allows
formation of a larger fistula. However, an
FCSEMS is more likely to migrate than is an
indwelling catheter. Further work is necessary
to confirm the efficacy of FCSEMS use.

The results of MCA for biliobiliary strictures
(BBSs) are summarized in Table 3.1. MCA

showed a higher clinical success rate (87.5%)
and lower recurrence rate (7.1%) than did other
conventional endoscopic and percutaneous
methods. In the treatment of BBSs, the clinical
success rate differs depending on the etiology
and the treatment method used. Postoperative
and stone-related strictures respond well to
endoscopic management, but idiopathic and
chronic pancreatitis-related strictures have low
response rates [25]. The clinical success rate of
endoscopic BBS treatment is 90% for postopera-
tive strictures, but 65% for chronic pancreatitis-
related strictures; in comparison, the success rate
of percutaneous treatment is 61.4-90.9% [26—
29]. Although improvements in conventional
methods have increased their technical success
rates, these procedures are not successful in
cases of stenosis through which the guidewire
cannot be passed; thus, they cannot be used to
resolve all cases of BBS. In addition, the clinical
success rates of these procedures are lower than
the technical success rates because of restenosis.
Forceful disruption of the stricture scar caused
by repeated pneumatic dilation causes traumatic
damage to the tissue and ultimately provokes a
new fibrotic reaction, which can lead to resteno-
sis [30]. A recent trial conducted with patients
with complete CBD interruption showed the fea-
sibility of the intraperitoneal rendezvous method
for biliary reconstruction, but further research is
needed [31].

The only early adverse event was mild cholan-
gitis in one patient. No late adverse event was
noted during follow-up. Early adverse events
after MCA have not been reported in other stud-
ies, including in those involving LDLT recipi-
ents. The only reported adverse event is
cholangitis, which can be resolved by conserva-
tive management [20, 21]. Hence, the MCA pro-
cedure is safe in post-LDLT and other
immunocompromised patients. Doppler
ultrasound-based screening and follow-up are
performed because of the risk of vessel rupture
during the early stages of MCA, when blood
vessels are present between the two magnets [15,
17]. However, no clinical report has described
blood vessel rupture or any related adverse event.
Thus, compression or rupture of the intervening
vessels does not occur, possibly because the
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Table 3.1 Outcomes of recanalization using magnetic compression anastomosis in patients with biliobiliary

strictures
Distance
Type of Reason for Previous between
Year | Author report Age/sex operation operation magnets (mm) | Anastomosis
2003 | Mimuro Case 76/F Pancreatic Dp 12 Partial
etal. cancer
2005 | Itoi et al. Case 76/F Hilar bile duct | None 8 Partial
cancer
2005 | Okajima Case 44/F Fulminant LDLT 2 Complete
et al. hepatitis
2008 | Akitaetal. |Case 34/F NA LDLT 2 Complete
2009 | Matsuno Case 53/M NA LDLT 2 Complete
etal.
2010 | Itoi et al. Case 60/M NA LDLT NA Complete
2011 | Itoi et al. Case 40/F Metastasis live | Right three 15 Complete
tumor derived | segmental + S3
from colon partial
cancer hepatectomy
2011 |Jang et al. Original | Mean 53.8 |LC (3), HCC LDLT NA Complete
M:F=9:3 | (7),HF (2)
2012 |Oyaetal. Case 24/M NA LDLT NA Partial
2014 | Jang et al. Case 45/M Abdominal Embolization 4 Complete
trauma
38/F Cholecystitis Cholecystitis 6 Complete
2017 |Jang et al. Original |39 patients |LC, HCC, HF |LDLT NA Complete
2018 |Jiangetal. | Case 64/F Metastatic Right partial NA Complete
liver tumor hepatectomy
from rectal
cancer

DP dorsal pancreatectomy, HCC hepatocellular carcinoma, HF hepatic failure, LC liver cirrhosis, LDLT living-donor

liver transplantation, NA not available

magnets gradually move closer to each other over
a prolonged period after approximation (biliobili-
ary anastomosis, mean 53.3 days; bilioenteric
anastomosis, range 7—40 days) [21]. In a previous
study, the only MCA-related adverse event occur-
ring between magnet approximation and the
removal of the indwelling catheter was slight
fever, and in the present study, the only adverse
event was mild cholangitis [32]. No procedure-
related mortality has been reported. Moreover, no
adverse event resulting from the procedure or the
devices used in the procedure has been reported,
as it is carried out using the conventional ERCP
method and the PTBD tract. Magnet-related
adverse events are thought to not occur because
the magnet is an aseptic device that does not
introduce foreign material into the body or induce
inflammation or an immune reaction in the bile
duct.

In the above study, reperfusion of the stenosis
was observed in all ten patients in whom treat-
ment was successful. The average time from dis-
position to magnet removal was 74.2 days; in two
patients, the magnets could not be removed
within 3 months due to the presence of dense
fibrous tissue. In nine patients, the internal cath-
eter was removed completely, and the mean
indwelling duration was 183 days. One patient
had cholecystitis and one had recurrent stenosis
after MCA.

MCA is a safe and effective treatment for
anastomotic stenosis after LDLT. It is associated
with some complications, but it is less invasive
than surgery and can be performed even in
patients who have present contraindications for
surgery. Stenosis length is an important factor in
the success of MCA. Stenoses are usually longer
and more distorted in LDLT than in DDLT recipi-
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ents. The technical limitations of MCA include
the length of the stenosis, the period after LDLT,
the structure of the CBD, and the strength of the
magnet. The maximal anastomotic stenosis
length for which MCA is feasible is difficult to
assess accurately and should be clarified in fur-
ther studies. In addition, reperfusion after MCA
may take about 2 months. However, if the magnet
is not passed, intervention using a guidewire or
balloon through the percutaneous tube may be
performed. After removal of the magnet, a cath-
eter should be inserted to prevent restenosis of
the new track.

When MCA creates new tracks instead of
resolving a previous stenosis, the recurrence rate
of stenosis is likely lower than those obtained
with conventional methods. In addition, the
maintenance of an external PTBD catheter is not
required, and the risk of complications, including
infection, is low. However, confirmatory studies
involving small populations and long-term fol-
low up are needed. MCA may be effective in
cases that cannot be treated by conventional
methods, in addition to cases of stenosis caused
by LDLT.

MCA for Treatment of Post-DDLT
Stricture

Benign biliary stricture is a common complica-
tion after liver transplantation. LDLT is the treat-
ment of choice for end-stage liver disease,
especially in Asia, where organs from deceased
donors are more difficult to obtain than in west-
ern nations. As experience of LDLT in Asia has
increased, the incidence of biliary stricture has
decreased from 30% to 15-25% [7, 33-37].

The incidence of biliary stricture is 25-32%
after LDLT [38-42] and <15% after DDLT [23,
41, 43]. Furthermore, biliary stricture is more
common after LDLT (33.3%) than after DDLT
(9.6%) [44-48]. In LDLT, anastomosis between
the right hepatic duct of the donor and the recipi-
ent bile duct is complex. In addition, the right
hepatic duct has many variants, including multi-
ple bile ducts, poor blood supply, and a short
stump for anastomosis [7, 41, 42, 49].

MCA for the treatment of biliary stricture
after DDLT is similar to that for the treatment of
post-LDLT stricture (Fig. 3.2). The sites of stric-
ture after LDLT are more distal than those devel-
oping after DDLT. Post-LDLT and post-DDLT
strictures tend to be high and mid-level, respec-
tively. Moreover, proximal duct dilatation is more
severe in post-DDLT than in post-LDLT stric-
tures, but the dilated ducts are less angulated and
tortuous. Therefore, the magnet approximation
and success rates are higher for post-DDLT than
for post-LDLT strictures (Fig. 3.3).

MCA for Treatment of Post-
cholecystectomy Stricture

The incidence of bile duct injury during laparo-
scopic cholecystectomy is 0.3-0.6%, higher than
that achieved in the era of open cholecystectomy,
despite advances in laparoscopic surgery and
increasing surgical experience [50, 51]. Bile duct
injury is the most serious complication of gastro-
intestinal surgery and has significant impacts on
patients’ quality of life.

Biliary injuries can be classified using the
Bismuth [52], Strasberg [53], and Stewart—Way
classification [54]. The Stewart—Way classifica-
tion divides biliary injuries into four classes
based on the mechanism and anatomy (Fig. 3.4)
[54]. Stewart—Way class I injuries, which are by
definition recognized intraoperatively, can be
repaired immediately using fine monofilament
absorbable sutures [55]. Stewart—Way class II
injuries with stricture can be treated with
multiple plastic stents and self-expanding cov-
ered metallic stents. The treatment of Stewart—
Way classes III and IV injuries requires a
multidisciplinary approach. Fiocca et al. [56]
proposed a combined endoscopic-radiological
rendezvous technique for the treatment of com-
plete transection of the main bile duct, a Stewart—
Way class III injury. This modality avoids the
need for surgical reintervention, which is associ-
ated with morbidity and mortality risks. Class IV
injuries, which involve non-transected sectorial
bile ducts, can often be managed non-surgically
with drainage and stenting via ERCP or
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Fig. 3.2 Cholangiograms showing magnetic compression
anastomosis for a biliobiliary stricture that developed after
deceased-donor liver transplantation. (a) After insertion of
a percutaneous transhepatic biliary drainage (PTBD) cath-
eter, the tract was dilated to 16 Fr. (b) After insertion of a
covered self-expandable metal stent into the common bile
duct (CBD), a magnet attached to a polypectomy snare was
delivered using an endoscopic retrograde cholangiopan-
creatography scope through the CBD. Another magnet was
fixed to alligator forceps and moved toward the anastomo-

sis site through the PTBD tract after insertion of an 18-Fr
sheath. (¢) The magnets were approximated, and the PTBD
catheter was inserted. After 6 weeks, the approximated
magnets were removed by percutaneous transhepatic chol-
angioscopy through the PTBD tract. Bottom-right color
photograph shows the removed magnets. (d) Cholangiogram
showing the newly formed fistula. (e) A retrievable, fully
covered self-expandable metal stent (FCSEMS) was
inserted for 6 months. (f) Finally, the FCSEMS was
removed and a new fistula was formed (compare with [d])

Fig. 3.3 Cholangiograms showing the levels and shapes
of strictures after liver transplantation. (a) Cholangiogram
showing an anastomotic stricture after living-donor liver
transplantation (LDLT). (b) Cholangiogram showing an
anastomotic stricture after deceased-donor liver transplan-

tation (DDLT). The post-LDLT stricture is a high-level
stricture, and the proximal duct dilatation in the post-
DDLT stricture is more severe than in the post-LDLT
stricture, but the dilated duct is less angulated and
tortuous
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Fig. 3.4 Stewart—Way classification of bile duct injuries. (Adapted from [54])

PTCS. These endoscopic-radiological rendez-
vous techniques for the treatment of bile duct
stricture or obstruction are feasible if the guide-
wire can be passed through the stricture lesion.
MCA represents an alternative method in
patients with Stewart—Way classes III and IV
bile duct injuries (Figs. 3.5 and 3.6). The process
of MCA in these patients is similar to that in
those with post-LDLT strictures.

MCA for Treatment of Other Post-
biliary Operation Stricture

Although most bile duct injuries occur after cho-
lecystectomy, other hepatic surgeries, such as

hepatectomy, may also cause major damage to
the bile duct. Early-stage injuries result from
complex dissection, poorly defined anatomy, or
management of preoperative bleeding by clip-
ping or diathermy [57]. Late-stage injuries can be
caused by ischemia of the bile ducts, and steno-
ses may develop clinically decades after the orig-
inal insult. Endoscopic treatment with plastic or
metal stents is essential for stenosis after biliary
surgery, including hepatectomy, and typically
requires the expertise of multidisciplinary teams
of endoscopists, radiologists, and surgeons. In
these patients, endoscopic or percutaneous treat-
ment can be effective if the guidewire can pass
through the stricture. MCA is an alternative when
conventional methods cannot be used to resolve
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Fig. 3.5 Cholangiograms showing magnetic compres-
sion anastomosis (MCA) for a Stewart—Way class III bil-
iobiliary stricture that developed after cholecystectomy.
(a) Common bile duct stricture after cholecystectomy. (b)
One magnet was delivered through the percutaneous tran-
shepatic biliary drainage (PTBD) tract, and a second was
approximated using a duodenoscope to form an MCA,
leading to successful recanalization. (¢) After 6 weeks, the

approximated magnets were removed by percutaneous
transhepatic cholangioscopy (PTCS) through the PTBD
tract. (d) A PTCS catheter was placed through the right
hepatic duct and common bile duct, with the distal tip in
the jejunum. (e) A retrievable, fully covered self-
expandable metal stent (FCSEMS) was inserted for
6 months. (f) Finally, the FCSEMS was removed and a
new fistula formed

Fig. 3.6 Cholangiograms showing magnetic compression
anastomosis (MCA) for a Stewart—Way class IV biliobiliary
stricture that developed after cholecystectomy. (a) Right intra-
hepatic duct stricture after cholecystectomy. (b) One magnet
was delivered through the percutaneous transhepatic biliary
drainage (PTBD) tract, and a second was approximated using
a duodenoscope to form an MCA, leading to successful

recanalization. (¢) The magnets were approximated, and the
PTBD catheter was inserted. (d) After 6 weeks, the approxi-
mated magnets were removed by percutaneous transhepatic
cholangioscopy through the PTBD tract. (e) A retrievable,
fully covered self-expandable metal stent (FCSEMS) and a
plastic stent were inserted for 6 months. (f) Finally, the
FCSEMS was removed and a new fistula formed
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Fig. 3.7 Cholangiograms showing magnetic compres-
sion anastomosis (MCA) for a biliary stricture developing
after surgery for a hepatic injury caused by a traffic acci-
dent. (a) Right intrahepatic duct stricture after hepatic sur-
gery. (b) One magnet was delivered through the
percutaneous transhepatic biliary drainage (PTBD) tract,
and a second was approximated using a duodenoscope to

post-biliary surgery strictures. The process of
MCA in these patients is similar to that for post-
LDLT strictures (Fig. 3.7).

MCA for Bilioenteric Stricture

MCA for Hepaticojejunostomy Site
Stricture

The results of MCA for BBSs are summarized in
Table 3.2. Benign biliary strictures are typically
caused by postoperative complications, and the
principal anastomosis method used is Roux-en-Y
reconstruction (Fig. 3.8). In general, the MCA
method used for bilioenteric anastomosis is simi-
lar to that used for biliobiliary anastomosis.
However, the magnets can be delivered by a per-
cutaneous—peroral tract (most frequent; Fig. 3.9),
a surgically formed percutaneous—jejunum tract

form an MCA, leading to successful recanalization. (c)
The magnets were approximated, and the PTBD catheter
was inserted. (d) After 6 weeks, the approximated mag-
nets were removed by percutaneous transhepatic cholan-
gioscopy (PTCS) through the PTBD tract. (e) A PTCS
catheter was inserted for 6 months. (f) Finally, the catheter
was removed and a new fistula formed

(Fig. 3.10), or a percutaneous—percutaneous tract
(Fig. 3.11).

The method of magnet delivery to the percuta-
neous tract is identical to that described above,
but a forward-viewing endoscope is used for the
per oral approach. However, an endoscopic
approach is difficult in patients with long afferent
loops. In such cases, magnets may be delivered
through a surgically created skin/intestinal fis-
tula; single-balloon enteroscopy is reportedly
useful in such situations. Rarely, the left and right
intrahepatic ducts (IHDs) may be anastomosed
separately to the jejunum, with the stricture
evident on the right side. Two PTCS scopes are
used in this context: one to deliver a magnet
through the right IHD via the PTBD tract and the
other to approximate the second magnet at the
stricture site via the left IHD tract.

The above cases highlight the various delivery
methods that may be used. The mean distance
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Fig. 3.8 Cholangiograms showing magnetic compres-
sion anastomosis (MCA) for a biliary stricture developing
after left trisectionectomy performed due to hepatocellu-
lar carcinoma. (a) Right intrahepatic duct stricture after
hepatic surgery. (b) One magnet was delivered through
the percutaneous transhepatic biliary drainage (PTBD)
tract, and a second was approximated using a duodeno-
scope to form an MCA, leading to successful recanaliza-

tion. (¢) The magnets were approximated, and the PTBD
catheter was inserted. (d) After 8 weeks, the approximated
magnets were removed by percutaneous transhepatic
cholangioscopy through the PTBD tract. (e) A retrievable,
fully covered self-expandable metal stent (FCSEMS) and
a plastic stent were inserted for 6 months. (f) Finally, the
FCSEMS was removed and a new fistula formed

Fig. 3.9 Cholangiograms showing magnetic compression
anastomosis for a bilioenteric stricture that developed after
Whipple’s operation with Roux-en-Y anastomosis for pan-
creatic cancer. (a) A percutaneous transhepatic biliary drain-
age (PTBD) catheter was inserted because the anastomosis
site was completely obstructed, and the tract was dilated to
16 Fr. (b) A magnet attached to a polypectomy snare was
delivered using a colonoscope with a transparent cap, and a

second magnet was delivered through the PTBD tract. (c)
The magnets were successfully approximated, and a PTBD
catheter was inserted. (d) After 8 weeks, the approximated
magnets were removed by percutaneous transhepatic chol-
angioscopy through the PTBD tract. (e) An internal drainage
catheter (16 Fr) was inserted and maintained in situ for
6 months. (f) Finally, the catheter was removed, and the
development of a new fistula was confirmed
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Fig.3.10 Magnetic compression anastomosis for a bilio-
enteric stricture that developed after left lobectomy with
Roux-en-Y anastomosis performed to treat intrahepatic
stones. (a) A cholangiogram showing the completely
obstructed anastomosis site (color photograph is of the
anastomotic site). (b) A surgically formed percutaneous—
jejunum tract was prepared in the operating room. (¢) A
magnet was attached to a polypectomy snare using a colo-
noscope with a transparent cap for delivery through the

surgically formed percutaneous—jejunum tract. (d) The
magnets were successfully approximated, and a percuta-
neous transhepatic biliary drainage (PTBD) catheter was
inserted. (e) After 4 weeks, the approximated magnets
were removed by percutaneous transhepatic cholangios-
copy through the PTBD tract. An internal drainage cathe-
ter (16 Fr) was then inserted and maintained for 6 months.
(f) Finally, the catheter was removed and development of
anew fistula was confirmed

Fig. 3.11 Cholangiograms showing magnetic compres-
sion anastomosis for a bilioenteric stricture that developed
after choledochal cyst excision with Roux-en-Y anasto-
mosis. (a) Cholangiogram showing the completely
obstructed anastomosis site. (b) One magnet was deliv-
ered via the right percutaneous transhepatic biliary drain-
age (PTBD) tract using a percutaneous transhepatic
cholangioscopy (PTCS) scope, and a second magnet was
delivered via the left PTBD tract using another PTCS

scope, which moved to the stricture site due to magnetic
attraction. (¢) The magnets were successfully approxi-
mated, and a PTBD catheter was inserted. (d) Simple
abdominal X-ray showing the approximated magnets at
the stricture site. (e) After 2 weeks, the approximated
magnets moved spontaneously into the intestine. (f) After
removal of the approximated magnets, an internal drain-
age catheter (16 Fr) was inserted and maintained in situ
for 6 months
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between the two magnets was 4 mm (range,
2-7 mm), and the time to magnet removal was
7-40 days. Of the 42 subjects, 41 (97.6%) devel-
oped complete anastomoses and no MCA-related
complication was noted. During the follow-up
period (mean, 40 months; range, 2-53 months),
restenosis occurred in a single case 6 days after
drainage tube removal, but re-cannulation after bal-
loon dilation was carried out without difficulty [32].

Pratical Tips for Difficult Cases

The difficulties associated with MCA in prac-
tice are caused by lengthy strictures, unsuitable
magnet alignment, and difficult bile duct

shapes. The following sections present some
practical tips to improve MCA performance.

MCA Using Multiple Paired Magnets

A long stricture weakens the magnetic power,
preventing magnet approximation. Although
two magnets are typically used in MCA, multi-
ple paired magnets can be applied to increase
the magnetic power and thereby promote
approximation (Fig. 3.12). The number and size
of magnets are determined by the operator
according to the shape and degree of dilatation
of the bile duct.

Fig.3.12 Magnetic compression anastomosis using mul-
tiple paired magnets. (a) Magnet sizes (diameter x length),
4 x 8 and 2 x 6 mm. (b) Magnet size, 4 x 8 mm. The dis-
tance between the two magnets was not sufficient for
approximation. (¢) Magnet size, 4 x 8 mm. The two mag-

nets were delivered via the percutaneous transhepatic bili-
ary drainage tract and approximated more closely than in
the previous procedure. (d) Magnet approximation was
successful due to use of magnets of sufficient power
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New Optimal Tract for MCA

Although the distance between the magnets is
relatively short, their alignment axis should be
suitable for approximation. Pre-evaluation of
delivery routes using radiological modalities,
such as computed tomography and/or magnetic
resonance cholangiopancreatography, is essen-
tial; in some cases, the PTBD tract is unsuitable
for magnet approximation. In such cases, a new
PTBD tract is formed to correct the axis of align-

ment after consultation with

(Fig. 3.13).

radiologists

Optimal Size of Magnet

The magnets usually used are 4 mm in diameter
and 8 mm in length. When the duct is insuffi-
ciently dilated or tortuous, magnets of this size
cannot be delivered. Therefore, magnet size is
determined by the operator according to the

Fig. 3.13 New optimal tract for magnetic compression
anastomosis. (a) The previous percutaneous transhepatic
biliary drainage (PTBD) tract for insertion via the right
inferior duct (arrowheads). The two magnets were aligned
in parallel, so magnet approximation failed. (b) A new
PTBD tract was formed via the right superior duct (arrow-

heads); the magnet was delivered using this tract. (¢) The
two magnets were aligned linearly, so magnet approxima-
tion was successful. (d) After magnet removal, a fully
covered self-expandable metal stent (FCSEMS) was
inserted for 6 months. Cholangiogram showing the new
fistula that formed after FCSEMS removal
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Fig.3.14 Optimal magnet size. (a) The right intrahepatic
duct was dilated and acutely angulated. (b) The magnet
delivered via the percutaneous transhepatic biliary drain-
age (PTBD) tract could not move to the stricture site

shape and degree of dilatation of the bile duct
(Fig. 3.14).

Bile Duct Dilation and Adjustment
of Alignment Axis for MCA

Magnet delivery is typically successful in cases
with sufficient ductal dilation. Moreover, duct
dilation is required for magnet delivery to a posi-
tion that allows adjustment of the alignment axis.

.

because its size (diameter x length, 4 x 8 mm) prohibited
passage through the acutely angulated duct. (¢) A smaller
magnet (4 x 4 mm) could be delivered to the stricture site.
(d) After magnet removal, a new fistula formed

An FCSEMS can be used to dilate a non-dilated
bile duct (Fig. 3.15).

Summary

MCA is a non-surgical alternative for the treat-
ment of completely obstructed or severe benign
biliary strictures that cannot be resolved using
conventional endoscopic or percutaneous meth-
ods. MCA is feasible and safe for BBSs and bil-
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Fig. 3.15 Bile duct dilation and adjustment of the align-
ment axis for magnetic compression anastomosis. (a)
Common hepatic duct (CHD) with a stricture (arrow-
head), which prohibited magnet delivery and rotation to a
suitable alignment axis. (b) A fully covered self-

ioenteric strictures caused by various surgeries.
Although a pre-MCA assessment method that is
predictive of the outcomes is needed for success-
ful recanalization, smaller and more powerful
magnets and an effective magnet delivery system
have been developed. Endoscopists should under-
stand the mechanisms and principles of MCA,
and the clinical indications for MCA should be
expanded to enable further application and devel-
opment of the technique. MCA is effective and
safe, has a low recurrence rate, and is less trau-

expandable metal stent (FCSEMS) was inserted for
2 months to dilate the CHD. (¢) The CHD was sufficiently
dilated after FCSEM removal (arrowhead). (d) Magnet
approximation was successful after delivery of the mag-
nets via the dilated CHD

matic than other treatments for completely
obstructed or severe benign biliary strictures.
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Percutaneous Intervention
for Refractory Benign Biliary

Strictures

Hans-Ulrich Laasch, Shofiq Al-Islam,

and Raman Uberoi

Introduction

There are many different causes for benign bile
duct strictures, and their management requires
good cross-disciplinary collaboration between
endoscopists, surgeons, and radiologists to pro-
vide an optimal solution for the myriad of differ-
ent challenges they can present [1].

The change from open to laparoscopic cho-
lecystectomy led to an increase in iatrogenic
strictures by direct injury to the bile duct, inad-
vertent clipping of the duct, or ischemia.
Although the initial learning curve of the new
technique has been overcome, the volume of
laparoscopic cholecystectomy has dramatically
increased, with this now being the standard
approach. More cholecystectomy procedures
have led to more patients being discovered with
aberrant anatomy and thus increasing the num-
ber of iatrogenic injuries [2, 3]. latrogenic bile
duct injury is reported to occur in up to 0.5% of
laparoscopic cholecystectomy procedures [4].
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It is a disastrous event for patients causing
long-term morbidity, often requiring numerous
procedures with high cost to the health system,
and it needs rapid management in a specialist
center [5].

The majority of benign biliary strictures
with normal anatomy are accessible for treat-
ment with endoscopic retrograde cholangio-
pancreatography (ERCP), and treatment
strategies for dealing with these are well
described. Options for the extra-hepatic bile
duct include balloon dilatation, stenting with
plastic stents or fully covered removable metal
stents. In most of these cases, an endoscopic
approach 1is preferable to a percutaneous
approach, as the patients do not need a medium-
or long-term trans-hepatic catheter.

However, for strictures of the intrahepatic bile
ducts and particularly where endoscopic access is
not possible, such as after a pancreatico-
duodenectomy and Roux-en-Y gastric bypass, a
percutaneous approach offers success rates of
over 60% [4] and a number of technical
advantages:

The access route is much shorter than through
a duodenoscope, and therefore catheter manipu-
lation is much easier. Access tracts of a diameter
larger than those of the working channel of a
therapeutic endoscope can be easily and safely
created, and the range of available equipment is
much greater. Furthermore, biliary drainage is
secured, avoiding the risk of intercurrent sepsis,

49

D. K. Lee (ed.), Advanced ERCP for Complicated and Refractory Biliary and Pancreatic Diseases,

https://doi.org/10.1007/978-981-13-0608-2_4

4


http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-13-0608-2_4&domain=pdf
mailto:HUL@christie.nhs.uk

50

H.-U. Laasch et al.

and this process is easily maintained through an
external drainage catheter. The access provided
by the external drain also allows for quick and
easy repeat interventions, whereas with repeat
endoscopy, the procedure is essentially started
afresh every time. Additional tools for dealing
with the refractory stricture are available for per-
cutaneous use, notably self-expanding biode-
gradable stents, which cannot be placed

endoscopically at present.

In case of obstruction of the afferent biliary
loop (bilio pancreatic limb) after biliary bypass
surgery, balloon dilatation or stent insertion can
be performed percutaneously, either by a trans-
hepatic route or direct percutaneous puncture of
the obstructed bowel.

Diagnostic Work-Up

Baseline blood and biochemical test are required
to assess liver function, clotting and latent sepsis.
In untreated strictures, a malignant cause tends to
result in more extensive derangement of liver
function tests, than a benign cause. Bilirubin lev-
els approaching or exceeding 100 pmol/I (5.8 mg/
dl) should prompt a review of the diagnosis of
assumed benign disease [6, 7].

Adequate diagnostic imaging is essential to
plan a successful procedure [8] and should
involve different modalities due to their differ-
ent strengths (Fig. 4.1). Ultrasound (US) is the
cheapest and quickest method to confirm biliary
dilatation and to assess for the existence of

Fig. 4.1 (a) Patient with recurrent episodes of cholangi-
tis after hepaticojejunostomy for choledochal cyst.
Transaxial US scan shows dilated left-sided ducts contain-
ing small gallstones (arrows) with their characteristic
“acoustic shadows” (arrowheads). (b) Transaxial CT
shows not only left biliary dilatation (arrow) but also
marked atrophy and irregular perfusion of the left lobe

(arrowheads). The gallstones are not calcified and not
apparent. (¢) MRCP demonstrates the anatomy of the
stricture at the anastomosis with the Roux loop below
(asterisk), which is occluding the left hepatic duct and just
starting to involve the right posterior sectoral duct (arrow).
The bile duct stones are just appreciated (arrowhead)
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stones above the stricture and to plan the opti-
mal access path.

Computed tomography (CT) has its strength
in excellent spatial resolution and the ability to
look for unsuspected lymph node enlargement or
other distant metastases, but may not identify
associated gall stones.

Magnetic resonance imaging (MRI) with or
without liver-specific contrast agents, which are
excreted by the biliary system allows for better
soft tissue discrimination [9] and the ability to
accurately assess the biliary tree. The special
sequences of magnetic resonance cholangio-
pancreatography (MRCP) depict the bile-filled
ducts only, offering a 3D cholangiogram by non-
invasive means (Fig. 4.2) [10].

Technetium Tc99m hepato-biliary iminodi-
acetic acid (HIDA) scan (Fig. 4.3) allows visu-
alization of the liver’s excretory function and is
a sensitive way of demonstrating impediment
to flow by a stricture [11, 12].

If the patient has a background of malignancy,
for example, a previous Whipple’s procedure,
then it is important to exclude recurrent disease.
MRI may be sufficient for this, but if percutane-
ous biliary drainage is required, intraductal
biopsy can be readily undertaken. A dedicated
transluminal biliary biopsy system is available
(Cook Medical, Limerick, Ireland), which is a
reduced version of endoscopic biopsy forceps,
redesigned for percutaneous use. It allows for-
mal histological examination yielding results

Fig. 4.2 (a) Patient with Mirizzi (type 1) syndrome.
Maximum intensity projection (MIP) image from an MRCP
shows dilated bile ducts above a high-grade stricture of the
common hepatic duct (arrow). (b) T2-weighted, coronal
image showing a large gallbladder stone (asterisk) com-

pressing the common hepatic duct (arrow). Complications
during cholecystectomy resulted in a surgical bypass. (c)
Subsequent development of anastomotic stricture. MIP
image from MRCP showing dilated intrahepatic ducts with
no flow through the hepaticojejunostomy (arrow)
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Fig. 4.3 HIDA scan showing prompt biliary uptake and good excretion of tracer through a hepaticojejunostomy into

an afferent Roux loop (arrow)

superior to brush cytology and as good as EUS-
FNA [13]. Sensitivity is reported to be 75-90%
[14, 15], increased to over 90% with specific
technique [16] and with a specificity approach-
ing 100%.

Patients with benign strictures need to be coun-
selled carefully to give them realistic expectations
of the course of the treatment, which can take
many months and will involve repeat procedures
and the presence of an external biliary drain,
which will impact on the patient’s quality of life.

A multidisciplinary discussion between the
various specialties is essential to evaluate all pos-
sible options, notably of combined radiologic and
endoscopic procedures, which are often underuti-

lized. For example, it might be difficult to selec-
tively cannulate a strictured segmental duct
retrogradely, but a percutaneously placed guide-
wire can be easily retrieved through duodeno-
scope and then act as arailroad to access the target
duct from below (Fig. 4.4). The development of
low-profile cholangioscopes offers further percu-
taneous treatment strategies by combining the
expertise from both disciplines [17-20]. The ben-
efit of combined procedures are well described
across the literature of both specialties [21, 22]
but often underused. Combining the skills of both
teams significantly extends the options for stric-
tures that cannot be managed by one of the disci-
plines alone [23-25].
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Fig. 4.4 Combined (“rendez-vous”) procedure. A percu-
taneous sheath with radiopaque marker (arrow) has been
placed, through which a catheter and guidewire were
inserted alongside a plastic stent to facilitate endoscopic
access

Percutaneous Intervention:
Technical Aspects and Devices

One of the great advantages of percutaneous
trans-hepatic cholangiography (PTC) is the abil-
ity to selectively access an obstructed segment.
The “downstream” approach ensures that the
desired duct is punctured for optimum access to
the stricture. The correct duct is entered at the
outset, avoiding contamination of obstructed seg-
ments, which may need to be left alone. There is
also a greater choice of devices available than for
ERCP, which are shorter and much easier to
manipulate than through-the-scope devices,
which are 5-6 times longer, and their manipula-
tion is hampered by the passage through a poten-
tially tortuous working channel. Catheter
exchange and manipulation, balloon dilatation,
and stent deployment using a 40-50 cm long
device in a straight access route is naturally eas-
ier than undertaking the same with a 180-240 cm
device, passed through an acute angle into the
papilla. Furthermore, there are more options for

dealing with technical difficulties, but this matter
needs to be balanced with the additional risks of
hepatic puncture, as both affect the outcome of
two interventions with the identical goal [26, 27].

Routine use of antibiotics in de novo obstruc-
tion presenting for ERCP is not recommended
[28]. By contrast, this process is usually sug-
gested for percutaneous procedures, although the
ideal regime cannot be specified, as it depends on
local bacterial resistance [29].

Referral for percutaneous intervention is often
only done after ERCP has failed, in which case
the patients have to be assumed to have latent bili-
ary sepsis due to contamination of the obstructed
system by contrast injection or guidewire manipu-
lation. In any situation where the natural barrier of
the sphincter of Oddi has been breached, either by
a trans-papillary stent or a bilio-enteric anastomo-
sis, the biliary tree has been colonized with gut
flora. Subsequent obstruction creates an ideal
breeding ground for bacteria, and intervention in
these can quickly lead to bacteremia, sepsis, and
multi-organ failure.

Where cholangitis is present, the initial proce-
dure should only aim to place a percutaneous
drain and not undertake any other therapeutic
maneuvers, which increase biliary pressure and
the risk of bacteremia [30, 31]. In these cases,
antibiotic therapy prior to the procedure is essen-
tial and should aim to create good levels in the
obstructed biliary tree prior to the procedure as
well as therapeutic plasma levels at the time of
the drainage procedure in order to maximize anti-
biosis in both compartments. At the time of punc-
ture, a bile sample should be sent for culture to
confirm pathogens and their sensitivity.

The initial PTC and drain placement may be per-
formed under sedation, but manipulation of the stric-
ture and dilatation can be exceptionally painful and
is best done under deep sedation performed by an
anesthetist or even general anesthesia. For the initial
treatment, the external access is ideally secured by
insertion of a vascular access sheath (Fig. 4.5),
which allows atraumatic exchange of therapeutic
devices through this. These sheaths have a side arm
with a tap, which allows decompression of the sys-
tem or further contrast injection without the need to
remove the catheter inserted through the sheath.
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Fig. 4.5 8Fr Radiofocus vascular access sheath (white
arrow; Terumo, Tokyo, Japan) with side arm for injection
and decompression (arrowhead). A biliary manipulation
catheter (Cook Medical, Limerick, Ireland) and a hydro-
philic wire (Laureate, Merit Medical, Galway, Ireland)
have been inserted through it

Drainage Catheters

Percutaneous catheters for temporary drainage
either drain bile externally only or provide addi-
tional internal drainage by extending through
the obstruction (“internal/external drain’). The
latter have the benefit of not only conserving
bile, with the obvious benefits of absorbing fat-
soluble vitamins to produce clotting factors and
preventing maldigestion and malnutrition, but
also improving the general homeostasis of the
patient.

Percutaneous drains offer several advantages
and allow for different treatment strategies:

e In patients with biliary sepsis, they allow
drainage of infected bile before attempting
any therapeutic maneuvers, which may cause
bacteremia and septic crisis.

e Drains provide an easy access route for repeat
procedures and allow step-wise dilatation of
the trans-hepatic track if larger access is
required for managing stones, recalcitrant
benign strictures, or performing cholangios-
copy. While the latter is a standard technique
during ERCP for diagnostic purposes, result-
ing in increased biopsy yield and potential for
lithotripsy [32], a cholangioscope can also be
inserted percutaneously for managing difficult
situations [17, 33-35].

e External catheters usually have a retaining
“pigtail” to provide anchoring in the bile duct.

These may be secured by an additional
“locking” string, which prevents the pigtail
from unraveling inadvertently.

e Internal/external catheters conserve bile.
They may also have a locking pigtail, but
also exist in a variety of other configurations,
which may provide a better profile at skin
level if longer-term placement is required
(Fig. 4.6).

e For short-term drainage (<2 weeks), sizes of
6-8 Fr (2-2.7 mm) are adequate. If longer-
term drainage is required, then larger sizes
should be considered to prevent tube
blockage.

e Regular flushing of drains (e.g. 2-3 times/
week) is desirable to prevent occlusion,
although there are no agreed protocols. If the
drain blocks, then the patient is at risk of bili-
ary sepsis, and the situation should be treated
as an emergency.

Dilatation Balloons

Initial treatment—endoscopic or radiologic—of
a benign stricture will usually be performed by
balloon dilatation, and a large number of bal-
loons are available for this purpose. In general,
an 8—10 mm balloon is sufficient for an extra-
hepatic stricture and 6-8 mm or less for stric-
tures in the more proximal branches. It is worth
noting that smaller diameter balloons tend to
have a higher-rated burst pressure. Balloon dila-
tation should be performed using a pressure
inflator with an attached manometer, which
allows this process to be done slowly and with
great control. The pressure required to dilate
tough strictures, for example, calcified strictures
in chronic pancreatitis, may exceed the rated
burst pressure of standard dilating balloon, and
occasionally high-pressure balloons with burst
pressures of >20 atmospheres may be required.
Following dilatation, insertion of an internal/
external drain secures internal drainage, and
maintains a minimum lumen through the steno-
sis (Fig. 4.7).

Primary success rates with balloon dilatation
alone range between 85% and 95%, but several
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Fig. 4.6 (a) From left: 7Fr locked external drain, two
8 Fr internal/external drains (UK Medical, Sheffield, UK
& Cook Medical, Limerick, Ireland) with metal markers
(arrowheads) identifying the uppermost drainage hole
which must not be placed outside the liver, 10 Fr straight
internal/external “Munich” drain (Pflugbeil GmbH,

Fig. 4.7 (a) Balloon dilatation of an anastomotic stric-
ture: At the beginning of the inflation, a tight waste is evi-
dent on the balloon. (b) Subsequent insertion of an

weeks of external drainage is often required. Late
recurrence (>3 years) is as high as 10-20% and
depends on the underlying process [36-39]. A
more aggressive approach with three long dilata-

N

Munich, Germany) with skin level fixation disc (arrow).
(b) Internal/external drain sited through an anastomotic
stricture into the afferent loop (asterisk). Note the radi-
opaque marker (arrow). The side holes are difficult to
identify (arrowheads)

internal/external drain to maintain stricture patency and
antegrade drainage. Note the radiopaque marker indicat-
ing the position of the uppermost side hole (arrow)

tion session within 1 week had similar initial
results, avoided long-term trans-hepatic catheter,
but had primary and secondary patency rates of
36% and 64%, respectively at 3 years [40].
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Cutting Balloons

Cutting balloons are dilatation balloons that
incorporate several small blades or plastic ridges
(Fig. 4.8) and score the mucosa and submucosa
of the dilated segment during inflation. In theory,
this has two advantages: Firstly, there is better
control over the trauma applied to the stenosis
than with conventional dilatation. Several super-
ficial incisions are made into the constricting tis-
sue, whereas simple dilatation relies on random
tearing of the fibrous tissues. Secondly, healing
of the tissues treated with a cutting balloon is in a
longitudinal fashion rather than recurrent circum-
ferential scarring after simple radial dilatation.

Cutting balloons are not commonly used but
may be helpful in tough and recurrent strictures.
There are only few publications on their use in
refractory strictures, most of which demonstrate
good results in very small number of cases
[41-43].

The largest series with 22 patients reported an
over 90% success rate after 1-2 sessions using
cutting balloon dilatation followed by conven-
tional balloon dilatation [44].

Percutaneous Tubular Stents

Standard tubular plastic stents designed for place-
ment during ERCP can be readily inserted percu-
taneously over a guidewire [45], but there are
dedicated shorter systems available for percuta-
neous insertion (Fig. 4.9). Plastic stents have a
place in the treatment of stone disease, and as a

T Nl

Fig. 4.8 Cutting balloon with four composite blades
(arrows), (Enforcer, Boston Scientific, Hemel Hempstead,
UK)

temporary measure in undiagnosed strictures,
where they can be removed endoscopically.
However, if there is only percutaneous access,
then their use is limited, as they are designed for
endoscopic use and are difficult to remove percu-
taneously (Fig. 4.10a—c).

An emerging option are biodegradable tubular
stents. Made from poly-L-lactic acid (PLLA),
they can be placed endoscopically or percutane-
ously similar to conventional plastic stents,
except that the drainage is around the outside
(Fig. 4.11). On their own, they will only maintain
biliary drainage through the stricture for a short
period of time, which can be determined by dif-
ferent degradation speeds of the stents. There is
however the option to place several side by side
as with plastic stents during ERCP.

Self-Expanding Metal Stents

Metal stents are easy to place and have a larger
diameter than plastic stents, achieving an ade-
quate lumen with a single procedure. They appear
more successful than multiple plastic stents as a
treatment strategy, reducing the number of proce-
dures and complications [46], notably in stric-
tures caused by chronic pancreatitis [12].
Successful outcomes are better for intrinsic
biliary disease than for external processes [47],
reflecting the hostile territory of calcified chronic

Fig. 4.9 Dedicated percutaneous plastic stents: Top:
10 Fr “double mushroom” stent (Cook Medical, Limerick,
Ireland) with guiding catheter (white arrow) and pusher.
Bottom: 8 Fr “EndoStay” stent (Pflugbeil GmbH, Munich,
Germany) with radiopaque marker bands (white arrow-
heads), repositioning thread (black arrowhead) and inser-
tion sheath (black arrow) and pusher
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Fig.4.10 (a) A transhepatic sheath (arrow) inserted from
the left to retrieve a 7Fr double J plastic stent (arrow
heads) placed in error across an anastomotic stricture of a

Fig. 4.11 10 Fr biodegradable “Archimedes” stent
(AMG GI, Winsen, Germany) with fixation flaps (arrows).
The helical structure facilitates drainage around the out-
side of the stent

pancreatitis. A multicenter trial assessing the suc-
cess of fully covered stents in different etiologies
reported the best outcomes for iatrogenic injury
(92% resolution), followed by gallstone-related

hepaticojejunostomy. (b) A cholangioscope (arrow) is
inserted and the stent captured with forceps. (¢) The plas-
tic stent (arrowheads) is withdrawn into the sheath

strictures (84%) and chronic pancreatitis (81%)
with anastomotic strictures being the most diffi-
cult to treat (61.2%). Key features for success are
the stent staying in correct position for more than
3 months [48].

It cannot be overemphasized that the stent
must be fully covered to ensure it is removable,
and stent placement must only be short-term as
removal becomes more difficult with length of
dwell time [49]. Bare or partially covered stents
will induce endothelial hyperplasia, and the over-
granulation tissue will fix the bare metal mesh of
the stent, render it permanent, and cause subse-
quent occlusion.
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Some fully covered metal stents are available
for percutaneous removal with a dedicated hook,
but these are not licensed or available in many
countries. Fully covered metal stents can be eas-
ily removed by endoscopic extraction, if the
patient’s anatomy allows for access.

Removable, fully covered metal stents have
become a main endoscopic strategy temporary
stenting of benign strictures and a number are
available for percutaneous placement [50]. Most
require endoscopic removal, but some have a
purse string at the proximal end which allows
percutaneous extraction (Fig. 4.12a). The purse
string is offset into the lumen of the stent, allow-
ing this string to be captured like the arresting
wires on an aircraft carrier. The hook is inserted
through a sheath and the stent withdrawn through
this. Reported results are good with 16% dis-
placement, all other stents being retrieved and

Fig.4.12 (a) Fully
covered, removable PD
stent (TaeWoong
Medical, Gyeonggi-do,
Republic of Korea). The
retrieval suture is set
into the lumen (arrows)
to allow percutaneous
removal with a hook. (b)
Fully covered Hilzo
stent (BCM,
Gyeonggi-do, Republic
of Korea) with
percutaneous removal
string (arrow)

primary patency at 5 years of 68% [51]. Other
stents have a retrieval suture, which is left to exit
through the skin, thus facilitating removal at a
later date (Fig. 4.12b).

Other centers have reported success with
placing fully covered metal stents and awaiting
their spontaneous displacement. This scenario
forfeits the operator’s control over the removal
process and carries the inherent risk of long-
term complications should the stents unexpect-
edly stay in place, such as secondary stricture
formation and perforation.

Self-Expanding Biodegradable Stents

In 2019, only one biodegradable self-expanding
biliary stent was commercially available. The
SX-Ella BD stent (Ella-CS, Hradec Kralové,
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Czech Republic) is a self-expanding stent woven
from a polydioxanone monofilament (Fig. 4.13).
The long-term elasticity is not as well maintained
as with shape-memory superalloys such as niti-
nol. For that reason, the stent is delivered uncon-
strained and is hand-loaded into an 11.5 Fr
delivery system prior to deployment. Degradation
is via hydrolysis leading to swelling of the fila-
ment in the first 6 weeks, loss of radial force after
2 months and beginning fragmentation after 3
months. Of note is that the stent does not dis-
solve, but breaks up into little pieces, which can
cause biliary colic and or sepsis if the sphincter
of Oddi is intact below. This issue is not relevant
in anastomotic strictures of a biliary bypass, as
the fragments of the degrading stent pass into the
larger lumen of the afferent loop (Fig. 4.14).

A small number of studies have reported very
high success rates in strictures refractory to con-
ventional treatment [52-54]. In 2019, full licens-

I
gl - 2: 31" 4

Fig.4.13 SX-Ella BD stent intact (top) and fragmenting
after 15 months exposure to room air (bottom)

Fig. 4.14 (a) Cholangiogram taken through a vascular
access sheath (arrow) placed into the biliary tree from the
left. A guidewire has been placed across the stricture
(arrowheads) at the hepaticojejunostomy.  (b)
Biodegradable stent placed across the stricture, prior to

deployment. Note the radiopaque markers (arrows). (c)
Biodegradable stent deployed (arrowheads) with an exter-
nal drain left above (arrow). (d) Cholangiogram after stent
degradation: The anastomosis is widely patent
(arrowheads)
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Fig. 4.15 (a—c) Percutaneous transluminal RFA. A tight
stricture of the left hepatic duct (black arrow) is treated
with a bipolar Habib ablation catheter (Boston Scientific,
Hemel Hempstead, UK). The two electrodes (white

ing of this device is only available for the
esophageal configuration, but the biliary version
is readily available on a named patient basis.

Percutaneous Endobiliary
Radiofrequency Ablation

As of 2019, there are two devices available for
percutaneous endobiliary radiofrequency abla-
tion (RFA) of the biliary tract. These devices are
the Habib RFA Catheters (Boston Scientific,
MA, United States) and the ELRA RFA catheter
(Taewoong Medical, Gyeonggi-do, South Korea).

Their initial indication was for the treatment
of malignant biliary strictures via the endoscopic
route. Shorter versions of these catheters can eas-
ily be inserted via a vascular sheath into the bili-
ary tree to treat the strictured segment (Fig. 4.15).
It is important to oversize the sheath by 1 Fr in
relation to the catheter to accommodate for the
external electrodes. The area to be ablated is
determined by fluoroscopy. The duration, burn
rate, and depth are controlled by standard exter-
nal RF generators as for endoscopic application.

Technical feasibility for endoscopic use in
benign biliary strictures has been confirmed [55].
The first study treating refractory strictures per-
cutaneously reported 100% technical success in

arrowheads) are placed across the stricture through a
sheath with a radiopaque marker (white arrow). Following
treatment, there is immediate flow of contrast through the
ablated segment (black arrowheads)

29 strictures in 18 patients, with a clinical suc-
cess of 89% [8]. While very encouraging, ther-
mal injury itself can cause stricture formation
[11, 56]. More experience, notably around the
perforation risk and the likelihood of stricture
recurrence, is required before this method can be
adopted as a standard option.

Treatment Strategies
Normal Biliary Anatomy

Initial treatment of benign de novo bile duct stric-
tures, particularly of inflammatory origin, is by
endoscopic means, and these treatments are well
established [57, 58].

Where endoscopic access to these is precluded
by adverse anatomy (e.g. a large peri-ampullary
diverticulum), PTC may be used to allow retro-
grade placement of a stent through a combined
procedure where an ultra-long (400450 cm)
guidewire is inserted percutaneously and retrieved
endoscopically. The through-and-through guide-
wire allows greater purchase for advancing a bili-
ary catheter or a stent retrogradely across the
stenosis, particularly if traction is applied on the
percutaneous end. Depending on the intended
course of treatment, it may be sensible to maintain
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the external access after a combined procedure by
percutaneous insertion of a locked pigtail cathe-
ter. This may be capped off if internal drainage is
established. That way the access route to the stric-
ture is maintained, but the patient does not suffer
the inconvenience of an external drainage bag fill-
ing with bile [59].

Percutaneous Intervention After
Biliary Bypass

If a pancreatico-duodenectomy has been per-
formed resulting in a formal Roux-en-Y recon-
struction, then endoscopic access to treat an
anastomotic stricture is often impossible. The
same applies to bilio-enteric anastomoses after
liver transplantation.

PTC for these patients allows very direct
access to the stricture as well as placement of an
external drain to control any existing biliary sep-
sis and to allow for repeat procedures.

The conventional initial treatment is with
pneumatic balloon dilatation to 8—12 mm depend-
ing on the level of anastomosis and postsurgical
anatomy. Biliary dilatation can be extremely
painful and should only be performed with good
sedation or ideally under general anesthesia. This
issue is not significant with a denervated liver
after transplantation.

Short fibrotic strictures have the best response
to dilatation, whereas longer ischemic segments
or areas of dehiscence have a higher recurrence
rate. Not much evidence exists on safety, and effi-
cacy of cutting balloons and stent insertion would
normally be considered the next step if stricturing
recurs after balloon dilatation.

However, stricture recurrence may be subclini-
cal and slowly lead to hepatic fibrosis or precipi-
tate cholangitis, which may be life-threatening.
Balloon dilatation may be repeated several times
in the same session or performed with prolonged
duration of the inflation, but temporary stenting
secures the lumen for several weeks with a much
higher chance of permanent stricture remodeling.

Placement of multiple plastic stents, as used
as a treatment strategy during ERCP [60] is not a
great option, as endoscopic access is not readily
available and percutaneous removal is difficult.

Self-expanding biodegradable stents have
been used successfully in this context, and the
altered anatomy avoids the issues with fragmen-
tation, which can cause a problem in a normal
bile duct. This scenario presents an elegant
option, as removal is not required and external
access does not need to be maintained for this
option. Biodegradable stents have a lower radial
expansion force than shape-memory metal stents
and benefit from balloon dilatation, ideally before
stent placement, as this avoids damaging the
stent by dilatation after deployment.

It is a difficult decision whether a percutane-
ous drain should be left in situ and if so for how
long. Long-term drains are very inconvenient for
the patient and carry a risk of bile leakage and
displacement. Skin-level drains are an acceptable
compromise for the medium term. When capped
off they have a low profile, which is less obtru-
sive than drains with a conventional hub with a
Luer lock, but they do represent an ongoing chal-
lenge to the patient in terms of body image,
potential pain and skin care in the long term.

If a cholangiogram at 1 week demonstrates
adequate stent expansion and drainage, then
removal of the external access is acceptable.
However, in complex strictures, which may rep-
resent a “floppy” segment from anastomotic
dehiscence, rather than focal fibrosis, this may
collapse again after stent degradation and ulti-
mately require surgical revision [61].

Only few studies report on the use of percuta-
neously removable fully covered metal stents.
Reported clinical success is 87% with 5-year
patency of 68%, but stent migration remains a
problem, occurring in around 20% of cases [51].
With further device development, they are likely
to become a mainstream treatment, reflecting
their success in endoscopic use.

Afferent Loop Obstruction

It is rare for the biliary limb of the reconstructive
surgery to occlude from benign causes. This phe-
nomenon is mostly due to recurrence of the origi-
nal cancer. In either case, the bile is colonized with
gut flora, and manipulation carries a very high risk
of bacteremia and life-threatening sepsis.
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If a Roux-en-Y reconstruction has been fash-
ioned, access to the obstructed segment is not
usually possible using conventional endoscopes.
Stent insertion may be performed with the help of
a double-balloon enteroscope [62, 63] or by
EUS-guided puncture and a lumen-apposing
stent [64]. However, the former is not widely
available, and the latter leaves no room for error

with regard to perforation, bile leakage, stent
misplacement, or stent migration.

Percutaneous drainage has the great advantage
of easily being performed as a staged procedure,
with initial drainage relieving jaundice and
sepsis. A percutaneous drain provides easy repeat
access for subsequent stent insertion, once the
patient is resuscitated.

Fig.4.16 (a)Percutaneous afferent loop stent. US-guided
jejunopexy was performed with four T-fasteners (arrows),
followed by insertion of an external locked pigtail drain.
(b) External drain and the button fixators of the MIC Safe-
T-pexy T-fasteners designed for gastropexy during radio-
logical gastrostomy (O&M Halyard, Apeldoorn, The
Netherlands). (¢) After resolution of sepsis, a catheter was

inserted alongside the drain, demonstrating the stricture
(arrows) by injection of contrast. (d) A stiff guidewire was
placed across the stricture, followed by a 10 Fr sheath
(arrows). (e) A 24 x 100mm-covered double Egis enteral
stent (S&G BioTech, Yongin-Si, Republic of Korea) was
deployed
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Fig.4.16 (continued)

If the obstruction is close to the liver, a trans-
hepatic route is feasible [65, 66], but if the stric-
ture is too distal to be reached via a trans-hepatic
route, then a direct puncture into the dilated affer-
ent loop may be an option. Sometimes during the
initial operation, the afferent limb is marked by
the surgeon to give a fluoroscopic target for per-
cutaneous access. However, the obstructed loop
is usually easily identified on CT and USS.

Direct percutaneous puncture into an afferent
loop should only be done after fashioning of a jeju-
nopexy, similar to a gastropexy during radiologi-
cally inserted gastrostomy [67, 68]. A total of three
or four T-fasteners are placed using ultrasound
guidance, and a locked pigtail catheter is inserted
as a first step. This action allows initial drainage of
the biliary obstruction and resolution of sepsis.
Percutaneous insertion of a stent is performed in a
secondary step (Fig. 4.16). While 10 mm biliary
stents are more than adequate to drain bile from
the liver, an enteral stent of 18 mm or larger is
more appropriate for insertion into a loop of small
bowel. Not only does this process allow for better
fixation but also the larger diameter will guarantee
longer patency. As no food material are passed
through this loop, even fully covered stents are

very unlikely to be displaced, but the ideal stent
would be a partially covered, knitted stent.

Follow-Up and Monitoring

Early detection of stricture recurrence is impor-
tant to avoid complications of stone formation,
cholangitis and cirrhosis. In combination with
the patient’s biochemistry, ultrasound is a cheap
and available modality for monitoring the bili-
ary tree. It needs to be borne in mind that liver
parenchyma, which has undergone several
insults such as ischemia and inflammation, may
have become fibrotic and be less compliant, thus
preventing biliary dilatation, even in complete
obstruction. MR scanning and MRCP is a sensi-
tive way to assess for patency and recurrent
strictures, has a high correlation with direct
cholangiography and avoids the high radiation
burden associated with CT scanning [69].

Conclusion

The percutaneous approach to refractory benign
biliary strictures offers several significant
advantages:

e External or internal biliary drainage is readily
established and can be monitored and
controlled.

e A percutaneous drain provides an easy access
route for repeat procedures.

e Monitoring of progress and response to treat-
ment is simple and cheap.

¢ Self-expanding biodegradable stents are eas-
ily placed and obviate the need for maintain-
ing an access track for later removal.

e It is essential that all patients are given the
benefit of a multidisciplinary approach to
offer each and every one the most appropriate
treatment with the highest chance of success.
While repeat surgery has traditionally been
regarded as the gold standard, this method is
not without risks, and the aim of the com-
bined endoscopic/radiologic options should
endeavor to remove the need for this.
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SEMS Insertion for Hilar Stricture:
Who, When, and Why?

Osman Ahmed and Jeffrey H. Lee

Introduction

Hilar, or perihilar, strictures are narrowings that
occur at or around the bifurcation of the left and
right hepatic ducts. There are a variety of causes
of hilar strictures with the most common being
malignant strictures due to cholangiocarcinoma.
Other less common etiologies include primary
sclerosing cholangitis, infectious etiologies, and
postoperative strictures [1].

Cholangiocarcinoma is an epithelial cancer that
arises from the cells lining the bile ducts. They rep-
resent roughly 3% of all gastrointestinal cancers,
although there has been a recent increase in their
incidence [2]. The majority of the increase can be
attributed in the rise of intrahepatic cholangiocarci-
nomas (ICC) where there has been an almost 165%
increase in ICCs in the previous decades.
Interestingly, the incidence of extrahepatic cholan-
giocarcinoma (ECC) is actually decreasing world-
wide [3]. Unfortunately, the prognosis of patients
with cholangiocarcinoma that are not surgical can-
didates remains dismal, with a less than 5% rate of
overall survival after 5 years [4].

There are different methods of classifying
cholangiocarcinomas, with the most recent AJCC
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eighth edition now subdividing cholangiocarci-
noma into intrahepatic and extrahepatic cholan-
giocarcinoma. The tumors can also be further
divided anatomically into three groups: the intra-
hepatic, the perihilar (or hilar), and the distal
(extrahepatic) groups of cholangiocarcinoma.
The proportion of cholangiocarcinomas in each
group is roughly 50% in the perihilar group,
roughly 40% in the distal (extrahepatic) group,
and less than 10% in the intrahepatic group [5].

The hilar group of cholangiocarcinomas (pre-
viously known as Klatskin tumors) represent
tumors that arise at or near the confluence of the
right and left hepatic duct. These tumors are fur-
ther subclassified based on a system designed by
Bismuth et al. in 1992 and known as the Bismuth—
Corlette classification. This classification was
made to aid in decision-making about surgical
resection options in patients. There are four types
of hilar tumors in the Bismuth—Corlette classifi-
cation: type 1 are tumors that arise just distal to
the bifurcation, type 2 arise at the bifurcation but
do not extend into either right or left hepatic duct,
type 3 arise either into the right hepatic duct (type
3a) or the left hepatic duct (type 3b), and finally
type 4 involve the right, left, and hilar regions of
the biliary tree (Fig. 5.1) [6].

Although the presentation of hilar strictures
are varied, the most common reason for presenta-
tion is development of obstructive jaundice, with
more than 80% of patients presenting with the
symptom [7]. Other methods of presentation
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Fig. 5.1 Bismuth—Corlette type 4 hilar stricture

include abdominal pain, weight loss, and fever.
When patients with known risk factors for chol-
angiocarcinoma present with obstructive jaun-
dice and a hilar stricture is discovered, they
should be investigated appropriately to rule out
malignancy. In patients with a strong suspicion
for malignancy who are potentially surgical or
liver transplant candidates, the decision to pursue
endoscopic investigation or management should
be done in conjunction with the surgical and
transplant team as there remains a risk of tumor
seeding that might make someone ineligible for
transplant [8].

Although surgery and liver transplant remain
the only curative treatment option for patients
with malignant hilar strictures, the majority of
patients will not be candidates either due to pro-
gression of disease, metastases, or comorbidities
precluding intervention. In one study, only half
the patients diagnosed with hilar cholangiocarci-
noma were deemed to be candidates for either
surgical resection or liver transplant [9]. In
patients with unresectable hilar obstructions, the
role for endoscopic management of symptoms
becomes essential. In this chapter, we will pro-
vide an overview on why patients with hilar stric-
tures should undergo endoscopic management,
the role of self-expandable metal stents (SEMS)
in biliary drainage, methods of placing SEMS in
patient with hilar obstruction, and finally review

the evidence behind recent controversies and
advancements in metal stent placements.

Biliary Decompression

In patients who are potential surgical candidates,
the role of preoperative biliary drainage remains
controversial. Three previous randomized con-
trolled trials failed to demonstrate any difference
in perioperative outcomes with preoperative bili-
ary drainage. However, all three of these trials are
dated and included patients where the purpose of
surgery was palliative and not curative [10-12].
Similarly, a systematic review and meta-analysis
on preoperative biliary drainage which included
11 studies and 711 cases found no clinical benefit
to preoperative biliary drainage but an increased
risk of infectious complications. The main limita-
tion of the review was that it included both ran-
domized controlled trials and retrospective
studies [13]. Some proponents suggest that pre-
operative biliary drainage be reserved for patients
with cholangitis, markedly high bilirubin, and
low liver remnant function anticipation [14, 15].
In patients with unresectable hilar cholangio-
carcinoma, or in those with benign hilar stric-
tures, the indication to decompress is more
straightforward. Decompression of the biliary
tree is important to prevent cholangitis, to pre-
vent the worsening of liver function, and to
relieve symptoms associated with hyperbilirubi-
nemia. Similarly, a recent study demonstrated
that patients who achieved biliary decompression
had improved outcomes compared with patients
where it was unsuccessful [16]. A similar study
demonstrated not only that drainage in inopera-
ble patients increased survival, but that baseline
bilirubinemia was the only factor affecting suc-
cessful biliary decompression [17]. Therefore, in
patients who are deemed nonsurgical, it is recom-
mended to proceed with biliary decompression.

Method of Drainage

Once the decision to pursue biliary drainage
has been made, the next issue is to determine
which method of biliary drainage to perform.
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Traditionally, there have been two methods of
biliary drainage, endoscopic and percutaneous.
Although previously surgical biliary drainage
was performed as well, this method has fallen
out of favor due to worse outcomes. The main
surgical biliary drainage method was the cre-
ation of a biliary-enteric anastomosis though
this led to an increase in postoperative mortal-
ity, increased procedure-related complications,
and increased length of stay compared with
endoscopic stenting. The only advantage of
surgical bypass drainage was a lower rate of
recurrence [18].

Although endoscopic decompression with the
use of endoscopic retrograde cholangiopancrea-
tography is the generally accepted first-line
method, its role at the top of the algorithm is not
without controversy. Two older randomized con-
trolled trials comparing endoscopic vs. percuta-
neous biliary decompression found mixed results.
Both studies included all types of biliary obstruc-
tion and not necessarily only hilar malignancies.
In the first study, percutaneous placement had
similar technical success rates, but higher thera-
peutic success rates (defined as decrease in bili-
rubin of at least 20%). Endoscopic placement had
fewer periprocedural complications but increased
overall mortality [19]. In the second study, endo-
scopic intervention had higher clinical success
and decreased mortality rates, though this was
limited by being an older study [20].

There has been more recent data on the use of
percutaneous compared with endoscopic drainage
specifically in the setting of perihilar strictures. A
meta-analysis published in 2017, consisting of
four retrospective studies involving 433 patients,
showed that percutaneous drainage was associ-
ated with lower overall-mortality, lower rate of
conversion to the other method, and lower rates of
cholangitis and pancreatitis. There was no differ-
ence in the rate of technical failure between the
two groups [21-24]. The main limitation of per-
cutaneous drainage is related to the quality of life
for the patient as it initially involves a drainage
that is external and attached to a bag (Fig. 5.2).
Nonetheless, serious consideration should be
given to percutaneous drainage depending on
anatomy, and a low threshold should be available

Fig.5.2 Percutaneous bilateral external plastic stents

for crossing over to percutaneous drainage if
endoscopic management is chosen as first-line
therapy. In addition, a large-scale randomized
controlled trial investigating percutaneous tran-
shepatic drainage vs. ERCP is currently underway
(INTERCPT trial) and hopefully will address
which method should be performed first [25].

Finally, although stenting is the general con-
sensus for biliary drainage (either endoscopically
or percutaneous), other forms of decompression
have been studied, including nasobiliary drainage.
In this procedure, a drain is left in situ and con-
tinuously drained. This procedure is generally
performed in the preoperative setting. The main
limitation is patient discomfort. A recent study for
hilar tumors showed that nasobiliary drainage had
similar technical success rates to stenting with no
difference in total complications [26].

Metal or Plastic Stent Insertion

After deciding to pursue biliary stenting for the
purposes of biliary decompression, the next deci-
sion is usually whether to pursue a plastic stent or
a metal stent. Plastic stents are generally consid-
ered to be cheaper; however, they require
prophylactic routine replacements due to an
increased risk of stent occlusion and biofilm for-
mation. They are also easier to insert for proxi-
mal strictures and have smaller diameters with
the most common size being 10 Fr. They can be
straight with flaps or have a pigtail to prevent



72

migration (Fig. 5.3). Metal stents, also known as
self-expanding metal stents (SEMS), are gener-
ally thought to last longer, though they are more
expensive (Fig. 5.4). There are different types of
metal stents: covered, partially covered, and
uncovered. Uncovered stents have the risk of
tumor in-growth and are generally not removable
post-insertion. Covered metal stents do not have
the risk of tumor in-growth but do carry an

Fig. 5.3 Three double-pigtail internal plastic biliary
stents

Fig. 5.4 Right hepatic duct self-expanding metal stent
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increased risk of migration. SEMS come in larger
diameters compared to plastic stents, with the
most common size being 10 mm, though 8 mm
and 6 mm SEMS are available as well [27].

Although SEMS placement has a large body
of evidence in distal biliary obstructions, their
role in hilar obstructions is not as well studied.
Two previous randomized controlled studies have
compared the efficacy of SEMS to plastic stents.
The first, done in Japan, found that SEMS had
longer patency and lower re-intervention rates
[28]. In the second study, performed in Thailand,
SEMS not only had better biliary drainage char-
acteristic compared to plastic stents but also had
higher overall survival rates [29]. The benefit of
the latter study is that it included only endoscopic
placement of SEMS rather than both endoscopic
and percutaneous placement. In a prospective
observational study, SEMS were associated with
similar technical success, but lower rates of com-
plications such as cholangitis, occlusion, and
migration [30]. Similarly, systematic review and
meta-analysis looked specifically at plastic com-
pared to SMES insertion in hilar obstructions.
They included ten studies and found that SEMS
were associated with higher successful drainage
rates, lower complication rates, longer patency,
and longer overall survival.

There have been different recommendations
in regards to appropriate stent type in biliary
drainage. Some experts recommend that if a
patient has longer than 3 months expected sur-
vival time, then they should receive SEMS drain-
age; otherwise, a plastic stent is reasonable.
Others have suggested that initial placement
should be done with a plastic stent (to ensure
appropriate drainage can be achieved endoscopi-
cally), and then in subsequent ERCPs, the plastic
stent can be changed to a SEMS [31]. However, if
there are strictures involving the second-order
branches of the biliary tree without significant
proximal duct dilation, SEMS may not be ideal,
as secondary branches may occlude with the
increased radial force and pressure from SEMS
on them. In these cases, we recommend double
pigtail plastic stents which have multiple side
holes facilitating drainage from the second-order
branches.
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Unilateral or Bilateral Drainage

Malignant hilar obstructions are challenging due
to their location right at the bifurcation of the right
and left hepatic ducts. It is thought that because of
their anatomy, it is possible that hilar strictures
cause biliary obstruction in both the left lobe and
the right lobe of the liver. This has led many to
question whether bilateral drainage is required so
that one lobe of the liver does not atrophy
(Fig. 5.5). A study based out of France examined
the role of liver volume and successful clinical
drainage. Successful biliary drainage was defined
as a decrease in bilirubin to less than 50% of the
pretreatment value. It was a retrospective study
looking at 107 patients undergoing biliary drain-
age for malignant hilar strictures. Liver volume
was assessed by computed tomography scans and
divided into three groups: less than 30%, 30-50%,
and greater than 50%. The study found that greater
than 50% drainage of the liver was associated
with an increase in rates of successful biliary
drainage, decreased rates of cholangitis, and
improvement in overall survival (determined by
median survival in days) [32]. Nevertheless, this
study was criticized due to its retrospective nature,
large number of excluded patients, and large
interval in time (1996-2005) which did not
account for advancements in technology and tech-
nique [33]. A more recent study has suggested

Fig. 5.5 Left lobe of liver atrophied. Plastic stent in right
hepatic duct

that patients without impaired liver function only
require greater than 33% percent of liver volume
drainage, whereas those with impaired liver func-
tion require greater than 50% [34].

The initial seminal study looking at unilateral
compared to bilateral drainage was done in
Canada and retrospectively showed that patients
with hilar strictures that received bilateral drain-
age had improved survival rates compared to
those that had unilateral drainage. Patients that
had unilateral drainage but had both ducts opaci-
fied had the worse outcomes [35]. A subsequent
prospective, randomized study showed no differ-
ence in mortality, complications, or technical
success between unilateral and bilateral drainage
using a per-protocol analysis, but higher rates of
successful drainage and lower complication rate
with unilateral drainage in an intention-to-treat
analysis [36].

The most recent study examining unilateral
compared to bilateral stents was published in
2017 and was a prospective randomized con-
trolled trial involving 133 patients. This study
exclusively looked at self-expanding metal stents
only. The study found no difference in technical
success but a higher clinical success rate in the
bilateral group. The bilateral group also has had
more durable stent patency and fewer reinterven-
tions. This study has led to an increase interest in
the role of SEMS for bilateral drainage. Similar
results have been published elsewhere as well
[37, 38]. Finally, a systematic review and meta-
analysis in 2015 included three randomized trials
and seven observational studies and found no sig-
nificant difference in drainage rate or patient sur-
vival. However, the bilateral group did have
longer stent patency compared to the unilateral
group [39].

Overall, the decision to pursue unilateral or
bilateral drainage should be individualized. The
location of the stricture (based on Bismuth—
Corlette classification) and the amount of liver
volume that can be drained should direct therapy.
Ideally, greater than 50% of liver volume should
be drained if possible with the use of either uni-
lateral or bilateral stents. If doing unilateral stent-
ing, care should be taken so that contrast is only
injected into the side that will be stented [31].
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Stent-in-Stent or Side-by-Side
Insertion

The challenging aspect with placing bilateral
SEMS is the method in which the stents are
placed. There are two widely accepted methods
for bilateral SEMS placement: the stent-in-stent
and the side-by-side. In the stent-in-stent method
(also known as Y-stent), one stent is deployed
(generally into the left hepatic duct first due to
the greater angulation), and a second stent is then
deployed through the mesh of the first stent into
the other duct (Figs. 5.6 and 5.7). The advantage
of this method is that it allows physiological
drainage as well as having a smaller diameter and
not over-dilating the biliary tree. The main disad-
vantage is the technical difficulty in performing
the insertion, and the difficulty in adjusting the
stents post-deployment. In side-by-side stenting,
the two SEMS are separately placed into the two
ducts side-by-side, similar to a double barrel. The
advantage of this method is that it is easier to
place, with the disadvantage being that it requires
fairly dilated ducts; otherwise, the risk of over-
dilation is increased (Figs. 5.8 and 5.9).

There is minimal evidence suggesting that one
type of stent insertion is superior to the other.
Three previous retrospective studies have com-
pared the two methods. The first study by Naitoh

Fig.5.6 Stent-in-stent SEMS insertion

et al. demonstrated that there was no significant
difference in technical success, functional suc-
cess, or complications between the two groups,
but that side-by-side stenting had higher stent
patency [40]. A similar study, around the same
time, likewise showed no major differences
between the two groups and no difference in stent
patency [41]. The third study, done in the United
States, also showed no difference between stent-
in-stent or side-by-side deployment [42].

The main factor predicting failure of stent-in-
stent placement was the angle between the stric-
ture and the first SEMS placed [43]. Interestingly,
the size of the cell in the stent did not change the
rates of success in stent-in-stent placement [44].
Another study looked at using 10 mm diameter
SEMS compared to 8 mm dimeter SEMS in
patients with stent-in-stent placement and found
no significant differences other than a higher suc-
cess rate for revisionary stent in the 10 mm diam-
eter stent group [45].

Additionally, there is also the question of
whether malignant hilar strictures treated with

Fig. 5.7 CT image of stent-in-stent SEMS insertion
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Fig. 5.8 Side-by-side SEMS insertion

Fig.5.9 CT image of side-by-side SEMS insertion

SEMS require the distal end of the metal stent to
be above the ampulla or below. The advantage of
being above the ampulla is that potentially a
sphincterotomy is not required, and an intact
sphincter of Oddi might reduce the rate of chol-
angitis. A study comparing above and across
sphincter of Oddi SEMS deployment showed that
placing the SEMS above led to fewer complica-
tions, including episodes of post-ERCP pancre-
atitis. There was no difference in stent patency or
insertion rates [46].

In summary, the decision to pursue side-by-
side vs. stent-in-stent insertion should be left to
the clinician, and factors to be considered before

deciding on any method should include anatomy,
location of stricture, clinician preference, and
tools available.

Advancements

Similar to the preceding decades, the rate of
endoscopic technological advancement is expo-
nentially increasing. Although improvements in
endoscopic techniques, side-viewer endoscopes,
and deployment devices have made insertion of
SEMS easier, the constant improvement is
expected to continue. One such potential is the
use of a two-channel endoscope to place side-by-
side SEMS. A recent study showed high techni-
cal and functional success rates with minimal
complications [47].

Although the use of endoscopic ultrasound-
guided biliary drainage (EUS-BD) is well estab-
lished in distal extrahepatic strictures, its use in
hilar strictures is controversial due to challenging
anatomy and the fact that percutaneous drainage
has strong evidence for its use (including as first-
line drainage). Nonetheless, there have been
reports about using EUS-BD to assist in hilar
drainage using SEMS [48]. Another potential
source of progress is the advent of smaller
deployment devices, specifically 6 Fr SEMS
delivery devices. These new smaller devices not
only aid in placement of stent-in-stent insertion
but also can allow simultaneous side-by-side
deployment (rather than sequential) [49].

Conclusion

In conclusion, due to an increase in the incidence
of cholangiocarcinoma and routine hepatobiliary
surgeries, endoscopists will frequently encounter
patients presenting with hilar obstructions. For
those patients not presenting with cholangitis, the
first decision should be to determine whether
they are surgical resection candidates or liver
transplant candidates, especially in patients with
malignant hilar strictures. Depending on the tim-
ing of surgery, the decision to pursue preopera-
tive biliary drainage should be individualized.
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Fig. 5.10 Side-by-side SEMS bilaterally with double-
pigtail plastic stent in right hepatic duct

For unresectable hilar obstructions, biliary
decompression can be done endoscopically or
percutaneously, though controversy exists in
terms of which to perform first line. Although
metal stents (or SEMS) are preferred over plastic
stents, a trial of decompression with plastic stent
can be considered prior to SEMS insertion. A
goal of at least 50% of liver volume drainage
should be sought with either unilateral or bilat-
eral stent insertion, and contrast should be
avoided in undrained bile ducts. Finally, the
method of SEMS placement (stent-in-stent or
side-by-side) is left to the clinician to decide
based on a variety of factors and could poten-
tially include a combination of SEMS and plastic
stents (Fig. 5.10). With recent advancements and
ongoing improvements in the tools available to
endoscopists, the methods of drainage of hilar
strictures will continue to evolve moving forward
into the future.
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Background

Endoscopic stenting of hilar strictures remains
challenging; many techniques are available but
none is yet standard [1]. Such stenting is tech-
nically difficult; many strategies are very com-
plicated (Table 6.1). Technically, it is important
to consider both insertion and re-intervention,
and patient status. In the palliative setting
(patients with unresectable hilar malignan-
cies), self-expandable metallic stents (SEMSs)
have been reported to be superior as endopros-
theses versus plastic stents (PSs) [2]. However,
in cases with resectable hilar malignancies,
PSs are preferred. In the palliative setting, it is
important to consider both the technique and
the long-term outcomes of SEMS placement.
Prior to stent choice, it is essential to establish
a drainage strategy.
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Drainage Volume and Stent
Number

The optimal number of stents has been widely
discussed; over 50% of the liver volume should
be drained [3]. Takahashi and Fukasawa et al.
reported that 33% drainage adequately
improved jaundice if the liver was normal [4];
drainage of over 50% was required if liver
function was impaired. Recently, Lee et al.
conducted a randomized controlled trial com-
paring unilateral and bilateral stent placement
[5]. Bilateral stenting was associated with lon-
ger stent patency than unilateral stenting;
stents of larger diameter prolonged the time to
occlusion caused by both tumor ingrowth and
sludge accumulation. The recent literature
suggests that at least two stents are required to
ensure an adequate liver volume. However,
there is no good evidence that the drained vol-
ume should be increased to over 50%. Some
consider that complete drainage is better than
incomplete drainage because it reduces the
rate of cholangitis, which is more common in
undrained areas. Uchida and Kato et al.
reported that patients in whom more than three
stents were placed to treat hilar strictures sur-
vived for longer than others [6]. However, dis-
cussion continues, and definitive evidence is
lacking.
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Table 6.1 Patient’s condition of malignant hilar stricture

Patients’ status

Table 6.2 Relationship between stent type and stenting
manner

Bridge to surgery Side by side Stent in stent
Palliation Above ‘ Across | Above \ Across
Tumorous status Stent type
Cancer type Braided AN O X X
Extra hepatic tumor Knitted /\ yAN X X
Extrahepatic cholangiocarcinoma (EHC) Laser-cut O X O X
Gallbladder cancer Special SEMS | x X O AN
Metastatic lymph node Covered O O % x
Liver tumor SEMS

Intrahepatic cholangiocarcinoma (IHC)
Hepatocellular carcinoma
Metastatic liver tumor
Clinical stage
Resectable
Locally advanced
Metastatic
Stricture status
Bismuth type: 1-4
Portal perfusion

Normal

Impaired hemi lobe
Impaired both lobes
Basic liver function

Normal

Chronic liver disease
Liver cirrhosis
Atrophic liver lobe

Method of Stenting

Stent selection depends on the chosen technique:
stent-in-stent (SIS) or side-by-side (SBS) [1]. A
few reports have compared the two techniques,
with differing results. Here, we outline the advan-
tages and disadvantages of the two techniques,
and suggest the available stent type (Table 6.2).

The Stent-in-Stent Technique

With this technique, two or more uncovered
SEMSs are inserted through the mesh of an ini-
tially placed SEMS. An advantage is that the
common bile duct (CBD) hosts only one SEMS
and is thus not excessively dilated. The through-
the-mesh (TTM) technique can be used to
approach many bile duct branches. However, this

technique is relatively difficult when used either
for initial stent placement or re-intervention
when stents become occluded. Many dedicated
SEMSs are available; most have flexible mid-
points to facilitate the TTM approach. For these
SEMSs, only the central portion can be employed
in the TTM approach; the SEMS length must be
carefully chosen and the stent placed accurately.
However, the Niti-S, a large-cell D-type stent
(LCD; TaeWoong Medical Inc., Seoul, South
Korea), is of uniform cell size throughout, and all
SEMS regions can undergo TTM insertion [7, 8].
Figure 6.1 shows some of the available SEMSs.
Laser-cut SEMSs with low axial forces and wide
cells can also be used when employing the SIS
technique (Fig. 6.2) [9-11]. SIS is the standard
approach in Japan and Korea; however, endosco-
pists in other countries do not favor the procedure
because it is technically difficult.

Stent-in-Stent Techniques

Magnetic resonance cholangiopancreatography
(MRCP) and enhanced computed tomography
are required prior to endoscopy. Drainage of over
50% of the liver volume is essential to retain liver
function and avoid cholangitis of a small drained
volume. Planning of drainage by reference to the
cholangiogram and the use of guidewire (GW)
manipulation to select the target biliary branch in
the absence of contrast injection may minimize
the incidence of cholangitis in the undrained area
[12, 13]. After biliary cannulation, the GW is
manipulated to select all target biliary branches:
(1) SEMS are inserted into the first branch (that



6 SEMS Insertion for Hilar Stricture: Which Stent, How and Why?

81

Fig. 6.1 Dedicated metal stents for repair of hilar biliary
strictures. (a) The BONA stent, K-Hilar (Standard Sci
Tech Inc., Seoul, South Korea). (b) The Niti-S stent,
Y-Stent (TaeWoong Medical Inc., Seoul, South Korea).
(¢) The BONA stent, M-Hilar (Standard Sci Tech Inc.).

nearest to the papilla), (2) another SEMS is
inserted into the branch that is more angled at the
branchpoint (usually the left hepatic bile duct),
and (3) SEMSs are inserted into any branch into
which it is difficult to insert a GW (Fig. 6.3). In
terms of SEMS insertion and deployment in the
initial branch, it is useful to try to insert a second
GW into the next branch using the TTM tech-
nique. At this juncture, the previously placed GW
serves as a good landmark of the branch point.
Subsequently, a delivery system is inserted using
the TTM approach. Figure 6.4 shows the use of
the SIS technique to place LCD stents.

Troubleshooting the Second Stent
Insertion

Sometimes, difficulties present during insertion
of the second stent. The following tips can coun-
ter these problems: (1) balloon dilation of all
branches prior to stenting, (2) balloon dilation of
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(d) The Hilzo stent; moving cell type (BCM Medical Inc.,
Seoul, South Korea). (e) The Niti-S stent, large-cell
D-type (LCD; TaeWoong Medical Inc.). (f) A partial
stent-in-stent (SIS) pattern using LCD stents

the stent cell; (3) balloon dilation of the initially
placed SEMS, and (4) one-time GW withdrawal
and reinsertion. Often, insufficient dilation of the
first stent may cause cell narrowing; balloon dila-
tion of both the stent cell and cavity dilates the
targeted cell. Sometimes, the tip of the stent
delivery system is obstructed by the GW; wire
reinsertion may change the cell orientation and
facilitate delivery system insertion. Use of a sec-
ond SEMS with a sharp delivery system tip is
helpful. Of course, balloon dilation aids all steps
of the TTM technique.

Side-by-Side Stenting

SBS stenting is commonly employed because
the spreading procedure is easier than that of
SIS [14]. Several SEMSs are placed in parallel
to drain biliary branches occluded by the malig-
nant tumor. Some stents are placed in the CBD
using this technique, at a risk of complications
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Fig. 6.2 A laser-cut
self-expandable metallic
stent suitable for use
with the SIS technique.
(a) The ZEO stent (Zeon
Medical Inc., Tokyo,
Japan). (b) There are
only three binding points
across the width of the
cell; these points may
reduce the axial force

caused by excessive dilation of the CBD. Thus,
many Japanese endoscopists did not use this
technique before recent SEMSs became avail-
able. Portal vein (PV) compression may injure
the vein or cause a thrombosis; radiation ther-
apy for patients who have undergone SBS place-
ment may trigger bleeding caused by a
PV-biliary fistula. Orifice compression may
cause cholecystitis or pancreatitis. The varia-
tions of the technique include the above- and
across-the-papilla approaches and use of uncov-
ered or slim fully covered SEMSs.

Preservation of papillary function may reduce
the incidence of cholangitis [15]. However, re-
intervention when a SEMS becomes occluded is
now difficult. The end of the SEMS may impact
or become embedded in the bile duct wall.
Re-intervention is easy if the SEMS is placed
across the papilla, but controversy remains. It
was earlier believed that covered SEMSs could
not be used for hilar stenting; however, recently,
slim (6-mm diameter)-covered SEMSs have been
used to treat hilar obstructions [16] and were
reportedly effective and safe. Some reports found
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Fig. 6.3 Stent insertion
using the SIS technique.
(a) Insertion of the first
stent into the distal
branch. (b) At the same
branch level, insertion of
the stent into the acutely
angled branch (i.e., the
branch for which
guidewire (GW)
insertion is more
difficult)

Fig. 6.4 SIS placement using Niti-S, an LCD stent duct, over one of the two GWs. (¢) Deployment of the initial
(TaeWoong Medical Inc.). (a) After successful biliary can-  LCD. (d) Insertion of the GW used for initial stent insertion
nulation, two GWs are inserted into the target hepatic ducts.  through the mesh of the first LCD. (e) Delivery system inser-
(b) Insertion of an initial LCD stent into the left hepatic duct,  tion and deployment of the LCD after withdrawal of the land-
the angle of which is more acute than that of the right hepatic ~ mark GW. (f) After scope withdrawal
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Fig. 6.5 Side-by-side across-the-papilla placement of
slim (6-mm diameter), fully covered self-expandable
metallic stents (FCSEMSs). (a) Two slim FCSEMSs

that the Bismuth type 4 stent was unsuitable
when used to place slim-covered SEMSs. A pro-
spective multicenter comparative study is
required.

Stent Selection for SBS

Stent selection depends on whether the above- or
across-the-papilla approach is chosen and whether
slim fully covered SEMSs are preferred. When
using the above-the-papilla approach, uncovered
SEMSs are appropriate. Especially, laser-cut
structures with slim delivery systems can easily be
placed in a single treatment (Fig. 6.5). The across-
the-papilla approach requires very long braided
stents; the final length is longer than expected
when the stent is fully expanded. The relatively
new slim covered SEMSs are under evaluation by
many Japanese endoscopists. A braided fully cov-
ered SEMS of diameter 6 mm is available.

(Hanaro stents; M.I. Tech Inc., Seoul, South Korea)
placed in parallel. (b) Endoscopic view of FCSEMS
placement across the papilla

Side-by-Side Insertion
Techniques

GW placement and other actions prior to stent
insertion are the same as those of the SIS tech-
nique. SEMSs featuring slim delivery systems
can be deployed simultaneously. Two delivery
systems can be inserted into the bile duct at the
same time, using the scope channel. Other
SEMSs require sequential placement; a second
delivery system must be inserted after initial
SEMS deployment. Sometimes, insertion of a
second or later delivery system is difficult; initial
balloon dilation of every stricture for which
SEMS placement is planned greatly aids inser-
tion of the second delivery system. It is important
to ensure that the stent ends are at the same level.
If the stents are placed above the papilla, then the
stent ends must be lined; otherwise,
re-intervention is difficult because the approach
to the cavity of the proximal stent is challenging.
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Re-intervention is easier when stenting is per-
formed across the papilla.

Tokyo Criteria 2014

No accepted system for evaluating biliary stent-
ing is available. The relevant articles employed
different definitions, rendering meta-analysis
challenging; the results of published meta-
analyses do not agree. Therefore, we created the
Tokyo criteria 2014, a unified reporting system
for biliary stenting [17]. Events related to stent
quality are described and complications defined.
We employ the term “recurrent biliary obstruc-
tion (RBO)” in preference to occlusion; we
define stent dysfunction and other terms. RBO
refers to both stent occlusion and migration; the
interval between stent insertion and RBO is
termed the “time to RBO (TRBO).” We hope
that others will employ these criteria to facilitate
meta-analysis.

Conclusion

No standard approach to manage hilar biliary
obstructions is yet available. Here, we discuss the
techniques and stent selection for hilar endo-
scopic stenting, where the aim is to achieve high
clinical success rates and a good clinical course
over the lifespan of our patients.
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Introduction

Hilar cholangiocarcinoma (HC) has a poor prog-
nosis, with a 5-year survival rate <10%, and is a
common cause of malignant biliary obstruction
in Asian populations [1, 2]. Treatment of hilar
obstruction of the liver caused by malignancy is
difficult. Regardless of the tumor histology, cura-
tive resection is possible in <30% of patients with
a malignant hilar stricture [3]. Because curative
treatment is difficult and life expectancy is short,
symptom relief is often the best option for these
patients [4]. In addition, treating jaundice and
cholangitis in patients with unresectable biliary
carcinoma is important for chemotherapy [5].
Surgical bypass or nonsurgical methods can be
used to perform biliary decompression. However,
because of the high risk of surgical treatment,
therapeutic endoscopy and interventional radiol-
ogy are increasingly replacing surgical treatment.
These noninvasive therapies are becoming the
standard of care for obstructive jaundice [6, 7].
It is difficult to achieve effective drainage for a
biliary obstruction of the hepatic hilum because of
the anatomical complexity of the bile duct; thus,
no consensus has been reached on the optimal
drainage strategy. Various procedures have been
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performed for biliary drainage of a hilar biliary
obstruction, including percutaneous and endo-
scopic approaches, use of plastic and metallic
stents, and unilateral and bilateral hepatic duct
drainage. Self-expandable metallic stents (SEMSs)
are now used more frequently for endoscopic [1,
8-10] and percutaneous [11] insertion compared
to plastic stents (PSs) [12—-15].

Biliary Stenting Strategy

Since SOHENDRA and Reyners-Frederix intro-
duced transpapillary biliary drainage in 1980
[16], endoscopic biliary drainage through stent-
ing has become increasingly popular [17]. Many
changes have been made to the original PSs,
including the introduction of large-bore PSs,
non-expandable metallic stents, and SEMS,
over the course of about 40 years. More than
20 years ago, only uncovered SEMSs were
available, but in recent years additional types of
SEMSs have been developed. Examples include
SEMS almost completely covered by materials,
internal stents, and anti-migration stents such as
flare, professionally surfaced, anchoring-type,
and anti-reflux valve stents [17]. Bioabsorbable
and biodegradable stents have also been devel-
oped recently [18].

It is the most effective maximize drainage of
the intact, but not the atrophied, liver. Right, left,
and caudate lobes account for 55-60%, 30%,
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and 10% of overall liver volume, respectively
[19]. The liver volume that can be drained by
deploying a stent can vary depending on the
extent of the malignant biliary stricture [20]. In
the case of a Bismuth type I stricture, both lobes
can be drained with only a single stent. However,
in the case of Bismuth types II-IV, multiple
stents are required to drain both lobes. Although
unilateral stenting may be a simpler and safer
method than bilateral stenting, there is a limit to
the drainage possible for an advanced stricture
[20]. In a previous study, drainage of >25% of
the liver volume was deemed sufficient [21].
However, recent studies suggest that survival can
be prolonged with drainage of >50% of the liver
volume. This scenario implies that the two
hepatic sectors should be intubated separately in
most cases, particularly in Bismuth type III
patients [22].

The liver volume drainage required depends
on liver function status. According to one
study, >33% of the liver volume should be
drained if the liver function is good, and >50%
of the volume should be drained when the liver
function is reduced (decompensated liver cir-
rhosis) [23].

Cholangitis is an important complication that
may occur after stenting for a hilar biliary stric-
ture. Injecting contrast into undrained sectors is a
risk factor for cholangitis. In addition, atrophied
areas, and inserting a stent into a small area,
increase the frequency of cholangitis because
bile excretory function decreases [15, 22, 24-26].
Cholangitis after endoscopic retrograde cholan-
giopancreatography (ERCP) is a known risk fac-
tor for early mortality [27]. Therefore, unilateral
and bilateral stenting should be applied with con-
sideration of the drainage volume and liver func-
tion status. Excessive multi-stenting, particularly
of an atrophied area, should be avoided to reduce
the risk of cholangitis.

In addition, several factors should be consid-
ered when choosing between a PS and SEMS,
including the patient’s prognosis, cause of stric-
ture, location and length of the obstruction, diam-
eter of the bile duct, site of the cystic duct, and
whether the patient is receiving multidisciplinary
therapy, including chemotherapy.

Endoscopic Biliary Drainage
Preprocedural Evaluation

Because of the diverse nature of the hilar bile
duct, endoscopic management of hilar bile duct
lesions is more difficult than for lesions of the
distal bile duct. Freeman and Overby reported
that computed tomography (CT) and magnetic
resonance cholangiopancreatography (MRCP)
are useful to confirm hilar obstruction lesions and
locate a SEMS [28]. Vienna et al. reported that
cross-sectional CT images help to identify the
hepatic volume distribution, where this informa-
tion could be used to optimize the endoscopic
procedure. This scenario is because drainage of
the bile ducts corresponding to >50% of the liver
volume is important for effective drainage of
malignant hilar biliary strictures, particularly
Bismuth type III [22].

Plastic Stents Versus SEMS

The use of metal stents rather than PSs for treat-
ing hilar malignancy has resulted in longer stent
patencies, fewer complications, fewer re-
interventions, and improved cost-effectiveness in
prospective multicenter studies [13, 15, 29].
Although a SEMS is more expensive than a PS,
the former has better cost-effectiveness if the
patient’s expected survival is 4-6 months,
because SEMS use is associated with fewer
occlusions and re-interventions, shorter hospital
stays, and less antibiotic use [20]. The Asia-
Pacific Consensus also recommended biliary pal-
liation via SEMS in cases of predicted survival
>3 months and Bismuth type I[I-IV HC [30]. PSs
are recommended for temporary drainage in
patients with cholangitis for whom no treatment
plan has yet been established [20] (Fig. 7.1).
However, the life span of a SEMS is often
shorter than the life expectancy of a patient with
an unresectable cholangiocarcinoma, and reinter-
vention is often difficult if the SEMS becomes
blocked [31]. The prognosis of patients with chol-
angiocarcinoma and gallbladder carcinoma has
improved due to the development of chemotherapy
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Fig.7.1 Inserting a plastic stent in patients with Klatskin
type IV tumors. A 46-year-old female patient was referred
to our hospital because of hyperbilirubinemia. A plastic
stent was inserted because the treatment plan was not con-
firmed. (a) A 46-year-old female patient was diagnosed
with a Klatskin type IV tumor. Peri-hilar cholangiocarci-
noma was revealed by abdominopelvic computed tomog-

[32]. Therefore, the number of patients who sur-
vive longer than the patency of the SEMS, and
thus have to undergo a reintervention, has
increased. Recurrent biliary obstructions account
for 3-45% of cases of bilateral SEMS insertion
for malignant hilar obstruction [33]. However,

raphy (APCT). Extension to both intrahepatic ducts
(IHDs) was noted, and bilateral IHDs were dilated. (b) A
tight hilar stricture was noted on the cholangiogram. (c)
Guidewires were passed through the tight stricture to the
right and left IHDs. (d) Endoscopic retrograde biliary
drainage (ERBD) was performed through the right and
left IHDs, and complete drainage was achieved

due to the difficulty of endoscopic reintervention
for bilateral SEMS, the reported success rate
ranges widely, from 44% to 100% [33].
Although various reintervention methods have
been used, no optimal method has yet been estab-
lished. Endoscopic reintervention is less invasive
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when the SEMS is occluded. If endoscopic rein-
tervention fails, then percutaneous transhepatic
drainage should be considered as an alternative.
However, external drainage reduces patient qual-
ity of life. Therefore, reintervention should
always be considered for patients who are
expected to have a lengthy survival period [34].
Generally, PSs are used when a SEMS becomes
obstructed at an unresectable malignant hilar bili-
ary obstruction [34, 35] (Fig. 7.2). It is not known

Fig. 7.2 Self-expandable metallic stent (SEMS) occlu-
sion due to tumor ingrowth and revision with plastic stents
(PSs). (a) The previous SEMS was occluded due to tumor
ingrowth. (b) A new guidewire was inserted through the

whether PSs or SEMSs are more useful for rein-
terventions. One study found that the median
time from revisionary stent to recurrent obstruc-
tion was significantly longer with a PS. Therefore,
when determining the type of stent for a reinter-
vention, a SEMS should be preferred if the
patient’s life expectancy is expected to be long
[34]. However, it should be noted that, when a
second stent is inserted into the first stent during
a re-intervention, both the PS and SEMS have a

previous SEMS into the right IHD. (c¢) A PS was inserted
into the right IHD. (d) A guidewire was passed through
the left IHD and revision via a PS was done
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short patency, so that cholangitis and other events
can easily occur after the procedure.

SEMSs use should be avoided as the initial
procedure for treating advanced malignant hilar
tumors because removing the SEMS is difficult,
and endoscopic re-intervention may not be effec-
tive if the stent does not achieve effective drain-
age. Therefore, effective drainage should first be
attempted by inserting multiple PSs rather than a
SEMS during the first procedure. Thereafter, a
SEMS may be inserted during a planned
ERCP. Replacing the PS several times should
also be considered in a planned ERCP, when
long-term survival is expected due to a good
response to chemotherapy or radiotherapy.

Unilateral Versus Bilateral Stent
Placement

Bismuth type IIT and IV hilar biliary strictures are
complex, and there is much debate as to whether
unilateral stents are better than bilateral stents in
such cases [4]. According to two retrospective
studies, bilateral SEMS are more effective in
terms of survival or cumulative stent patency
than unilateral SEMS [26, 36]. Bilateral maximal
biliary drainage can prevent cholangitis and pre-
serve liver function. However, two randomized
controlled trials reported no significant differ-
ences in drainage success, complications, or mor-
tality rates between bilateral and unilateral SEMS
groups [29, 37]. Furthermore, when performing
reintervention due to a dysfunctional stent, bilat-
eral stenting is more complicated and difficult
than unilateral stenting [29]. Based on these
results, DePalma argued that inserting more than
one stent for biliary bifurcation tumors should
not be performed routinely [37]. A recent retro-
spective review of the literature suggested that
bilateral SEMS may prolong cumulative stent
patency only in Bismuth type II patients and may
reduce the need for repeated biliary drainage due
to stent occlusion [38]. Unilateral drainage is
sufficient if the necessary liver volume is drained
by unilateral stenting. Bilateral drainage can be
considered when the estimated drained liver vol-
ume is deemed insufficient by unilateral stenting

[23, 36, 38, 39]. According to a study of Bismuth
type II-IV high-grade unresectable malignant
hilar biliary obstructions, the technical success
rates of unilateral and bilateral stenting are
equal, but bilateral stenting has a higher clinical
success rate and lower re-intervention rate [40].
Therefore, additional well-designed, large-scale
trials are needed to determine whether unilateral
or bilateral stenting is superior for treating a hilar
stricture.

Side-by-Side Versus Stent-in-Stent
Placement

Bilateral SEMS can be inserted according to both
side-by-side (SBS) and stent-in-stent (SIS) meth-
ods. The SIS technique involves inserting the sec-
ond SEMS into the contralateral hepatic duct
through the mesh of the first SEMS. By contrast,
the SBS method involves inserting two SEMS
parallel to each other into the right hepatic duct
(RHD) and left hepatic duct (LHD).

The bilateral SBS technique can be useful
when guidewires are inserted into RHD right and
LHD. However, the SBS technique has the disad-
vantage that the stricture and the distal bile duct
can be overexpanded. The expansion forces
caused by the use of two SEMS can result in
severe pain, acute cholecystitis, and portal vein
occlusion [1, 41-43].

The bilateral SIS technique is more physio-
logical than the SBS technique, because two
SEMS can expand within the diameter of a single
stent [9, 10, 44—48]. Therefore, it is advantageous
to avoid excessive expansion, particularly for
non-dilated bile ducts.

Although transpapillary insertion of bilateral
SEMS is technically more difficult than unilat-
eral stenting when using both the SBS and SIS
approaches, the 5-Fr delivery system with large-
mesh has a high success rate [17]. However,
whether the SBS or SIS method is superior
remains controversial. According to a retrospec-
tive study, no significant difference was observed
in technical or functional success rates between
the SIS and SBS methods. Cumulative stent
patency was longer in the SBS group, but the
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complication rate was higher [49]. In another ret-
rospective study, no differences were detected in
successful drainage, early complications, late
complications, or stent patency between SIS and
SBS [50]. In another retrospective study, there
was no difference in reintervention need, suc-
cessful reintervention, or procedural length
between SBS and SIS groups [51]. Additional
prospective comparative studies are therefore
required.

The SIS method prevents endoscopic revision
of an occluded stent because of the previously
positioned wire mesh [9, 45, 52, 53]. Unlike the
SIS method, the SBS method is more suitable for
reintervention because the meshes do not cross
each other. Intervention using the SIS method is
easier with greater SEMS diameter, because the
SEMS mesh is also larger [34].

Other Stenting Methods
for Overcome Hurdle

The most difficult part of the SIS technique is to
insert a second SEMS into the contralateral
hepatic duct between the meshes of the first
SEMS. To overcome this difficulty, more sophis-
ticated Y-configured SEMS have been developed
for hilar biliary strictures (Niti-S large cell D
type; TaeWoong Corp., Seoul, South Korea)
(Figs. 7.3 and 7.4) [17]. The technical method
for inserting a Y-stent is as follows. Patients
undergo endoscopic sphincterotomy before
stenting. A biliary SEMS is first placed in the
RHD or LHD through the hilar obstruction. This
process is followed by insertion of a second
SEMS using the SIS method, after locating the
guidewire through the central mesh of the previ-
ously inserted SEMS. A portion of the second
stent, including the central mesh, is placed in the
common hepatic duct to form the Y-shape
(Fig. 7.2) [54]. One study showed that the bilat-
eral SIS technique using large-cell SEMS has a
high technical success rate [46]. In addition, the
open-cell-SEMS design has a high technical suc-
cess rate for revision, although it does not pre-

Fig. 7.3 Y-configured metal stent (large-D-cell type;
TaeWoong Medical, Seoul, South Korea); unfixed large
cell (size: 6 mm) stent with weaved pattern. The large cell
size of the LCD TM enabled easy positioning of the sec-
ond stent

vent tumor ingrowth and bilateral revision
remains difficult [45, 46, 52].

A newly designed closed-cell, cross-wire
stent is also useful for SIS stenting (Bonastent
M-Hilar; Standard SciTech Inc., Seoul, South
Korea). This stent consists of proximal and dis-
tal parts with hooks and cross-wired structures;
the central portion is made up of cross-wired
structures alone, which facilitate the SIS tech-
nique [44].

It is often difficult to insert the second SEMS
using the SBS technique, as the first SEMS is
expanded. A small diameter (6-Fr) SEMS has
been developed to overcome this problem
(Zilver635; Cook Japan, Tokyo, Japan). The
small diameter of the SEMS allows for simulta-
neous, single-step SBS placement, which
increases the technical success rate of bilateral
SBS stenting [51, 55]. The optimal location of
the distal end of the SEMS remains controversial.
The distal end of the two SEMS should be located
at the same level of the common bile duct (CBD)
or duodenum to facilitate subsequent reinterven-
tion [20].
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Fig.7.4 Y-stent fitted during endoscopic retrograde chol-
angiopancreatography (ERCP) in patients with a Klatskin
tumor, Bismuth type IV. (a) Bismuth type IV resulting in
bilateral IHD dilatation was noted on APCT with infiltra-
tive hilar bile duct cancer. (b) A Klatskin tumor type IV
resulting in bilateral IHD dilatation was noted on mag-

Percutaneous Biliary Drainage

Percutaneous transhepatic biliary drainage
(PTBD) allows for precise lobar selection,
reduces the risk of exposing the biliary tree to
duodenal contents, and shows a high success rate
with respect to biliary drainage and a low risk of
cholangitis [56]. However, PTBD is accompa-
nied by pain and discomfort at the skin puncture
site. PTBD is also occasionally accompanied by
complications, such as infection and bleeding, so

netic resonance imaging (MRI) and magnetic resonance
cholangiopancreatography (MRCP) images. (¢) A guide-
wire and another stent were inserted through the right
IHD to insert the Y-stent. (d) The Y-stent was inserted suc-
cessfully through the left and right IHD

drainage should be internalized in such cases
[57]. Percutaneous tract recurrence occurs in
2-5% of patients [58].

Metal stents are superior to PSs in terms of
longer patency, lower rate of re-intervention, and
lower overall cost [14, 29]. Two methods are used
to insert a stent into percutaneous tissue. The
“one-stage” procedure is performed without bili-
ary drainage, and the “two-stage” procedure is
performed after 5-7 days of biliary drainage [59—
61]. Most recent reports prefer the two-stage
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procedure because of the complex anatomic
structure and technical difficulty of malignant
hilar obstruction [62-66].

The Asia-Pacific consensus on HC and the
European Society of Gastrointestinal Endoscopy
failed to conclude definitively whether metal
stents should pass the duodenal papilla [30, 67].
If a metal stent is placed above the duodenal
papilla, then it has the advantage of preserving
duodenal papillary function. However, if the flow
of contrast is slow during cholangiography after
positioning the stent above the duodenal papilla,
then it is necessary to place the stent across the
duodenal papilla to increase the therapeutic suc-
cess rate and reduce post-procedural cholangitis
and the re-intervention rate [68].

Percutaneous biliary drainage can be used in
Bismuth type Il and I'V cases and can serve as an
alternative if ERCP fails or complete drainage is
not achieved by ERCP (Fig. 7.5). The hilar stric-
ture of advanced hilar tumors is tight, tortuous,
and involves several branches; this scenario often
leads to failure or ineffective stenting. In such
cases, the percutaneous approach is favored ini-
tially (Figs. 7.6 and 7.7). In addition, revision via
a transhepatic route can be performed when
occlusion occurs after stenting with ERCP
(Fig. 7.8).

Unresectable malignant biliary hilar tumors
have been studied in terms of whether unilobar
or bilobar drainage is better. When contrast
medium is injected into an undrained duct, uni-
lateral drainage increases the possibility of
bacterial contamination, which in turn
increases the probability that jaundice will not
improve [66, 69-71]. Advocates of unilateral
drainage emphasize the low complication rate
and argue that it is important to not overfill the
undrained ducts [24-26, 72]. However, con-
trast medium can unintentionally fill an und-
rained lobe behind the hilar stricture. In such
cases, additional drainage is needed to control
cholangitis. Similarly, bilobar drainage can
cause the same problem due to undrained duct
contamination [61].

Bismuth II and III cases are associated with an
increase in mean survival time and a decrease in
the incidence of early cholangitis when two or

more stents are inserted [73-75]. The number
and type of stents in Bismuth II and III cases are
not significantly related to stent patency, but
inserting two stents could maintain stent patency
rates longer in Bismuth IV cases [76].

The Y stent method (SIS) and T stent method
(SIS) can be used to insert bilateral stents. These
methods generally involve inserting two stents
into the hilum to drain both lobes simultaneously
[66]. The T- and Y-configured stents are con-
nected to the CBD via the right-sector ducts,
which are both intrahepatic ducts (IHDs), and the
LHD. Both types of stents are effective for lower-
ing the bilirubin level after the procedure, but no
significant difference was detected in the extent
of bilirubin reduction between the two stents
types [50]. A “crisscross-configured” method has
also been used for trisector drainage. Many stud-
ies have suggested that both T-configured and
crisscross-configured stents enable effective bili-
ary drainage and show long-term stent patency
for a malignant hilar obstruction [60, 61, 77].
Howeyver, it remains controversial as to whether
the T-configured or crisscross-configured stent is
superior; therefore, an additional prospective
study is needed.

Stent-in-Stent (T-Configured)
and Stent-by-Stent (Y-Configured)
Deployment

The advantage of placing a T-configured stent is
that bilateral biliary drainage is obtained through
single percutaneous transhepatic access. The T-
and Y-configured stents both connect one of the
ducts in the right sector to the LHD, in a circuit
including the CBD [54] (Fig. 7.6).

No significant difference was observed in
patency between the two types of stent when
used in malignant hilar stricture patients [50]. In
other studies, no difference was detected in stent
patency between the two types of stent in che-
motherapy patients, but patency was longer with
the Y- versus T-type stent in patients not under-
going chemotherapy [49]. There are two main
reasons why Y-type patency is maintained for
longer. First, a Y-type bile duct is drained via two
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Fig. 7.5 Far-advanced malignant hilar stricture; addi-
tional SEMS via percutaneous transhepatic biliary drain-
age (PTBD). (a,b) OnAPCT, intrahepatic cholangiocellular
carcinoma (CCC) with hilar invasion was noted. Bilateral
IHD dilatation was seen. (¢) The guidewire was passed

through to the left and right IHD during ERCP. (d) The
Y-stent was inserted during ERCP. (e) Additional PTBD
via the right IHD was performed to drain another bile duct.
(f) Additional PTBD using a SEMS was done and success-
ful biliary drainage was achieved
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Fig.7.6 Use of a T-configured stent fitted via the percuta-
neous method in patients with a Klatskin tumor, Bismuth
type IV. (a, b) Bismuth type IV case with infiltrative hilar
bile duct cancer; bilateral IHD dilatation was noted on
APCT. (¢) A 10 x 60 mm stent was inserted from right to

separate channels, unlike the T-type, which
forms one channel; thus, bile can be drained to
the other side even if one side is closed. Second,
because the stent mesh is larger in the T-type
stent, patency can be maintained for longer in
Y-type stenting because tumor proliferates more
readily between the meshes. However, it is diffi-
cult to conclude that the Y-type stent is more
advantageous simply because of the enhanced
maintenance period. A comparison of the advan-
tages of the two types of stents should not only
consider maintenance duration but also how
effectively bilirubin can be reduced, whether
there is a difference in complications and
whether re-intervention is easy for an occlusion

left into the main duct via a PTBD catheter. (d) A
10 x 80 mm stent was inserted at the left side of the main
duct into the common bile duct (CBD) through a previ-
ously installed stent mesh

[78]. The effectiveness of bilirubin reduction
after stenting is an important criterion for clini-
cal success. In previous studies, clinical success
was considered as a decrease in bilirubin [49, 50,
79]. One study reported successful bilirubin
reduction rates of 78.9% and 81.8% for the Y-
and T-type stents, respectively, at 1 month after
the procedure [50]. Another study reported suc-
cessful bilirubin reduction rates of 96% and
100% for the Y- and T-types, respectively, at
1 month after the procedure [49]. However, in
both of these studies, no significant difference
was observed in bilirubin reduction rate between
the two stent types. The T-type stent is more
effective at reducing bilirubin initially, because
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Fig. 7.7 Crisscross-configured stent fitted using the per-
cutaneous method in patients with Klatskin tumor,
Bismuth type Illa. (a) A Klatskin type Illa tumor was
noted on APCT. Both IHDs were dilatated. (b) On MRI, a

the initial lumen of the stent is relatively larger
than that of the Y-type stent. On the one hand, the
Y-type stent is elongated at the site of tumor nar-
rowing, resulting in a diameter smaller than
16-20 mm, which is the sum of the two stent
lumens. On the other hand, in T-type stenting, as
the two stents, having an inner diameter of
8—10 mm, overlap with each other, relatively
high elasticity and a sufficient diameter can be
maintained. However, no significant difference
in bilirubin reduction rate was observed between
the two stent types at 1 month [78]. This case is
because a self-inflating metal stent, when used as

Klatskin type Illa tumor was noted. Both IHDs were dila-
tated. (c, d) Left to right anterior (8§ mm/6 cm) and right
posterior (8§ mm/10 cm) stents were inserted into the CBD

a Y-type stent, can retain the stent lumen at
1 month after insertion and a wide lumen diam-
eter of 8—12 mm after expansion. It is thought
that a constant lumen can be maintained for sev-
eral months. In patients who required stenting
for more than 1 month, no difference in bilirubin
reduction rate was observed between the two
stent types [78].

Acute cholangitis and acute cholecystitis are
common complications after stenting [80, 81].
Complications may differ somewhat depending
on the procedure. The parallel stenting tech-
nique, in which the stent is arranged in a Y- or
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Fig. 7.8 Stent revision by the transhepatic route. (a) A
Klatskin tumor IV was noted on APCT. (b) Y-stent was
inserted during ERCP (November 2011). (c¢) Bilateral
PTBD was performed after approximately 2 years due to

jaundice (February 2014). (d) A guidewire was passed
through the previous Y-stent during PTBD. (e, f) Stent
revision by the transhepatic route
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X-type configuration, is a relatively simple and
effective procedure for intrahepatic bile drain-
age. In some cases, the stent may not be fully
deployed at the time of installation, resulting in
premature occlusion of the stent due to insuffi-
cient bile drainage. In addition, excessive
enlargement of the bile duct causes portal vein
occlusion and is associated with a high incidence
of cholangitis [50, 66, 82]. The T-type is a stent-
through-the-wire mesh technique that has the
advantage of preventing migration or displace-
ment of the stent, because the two stents overlap
partially [64]. However, according to some
reports, bile sludge is formed at the site where
the stents overlap, which may block the inside of
the stent and increase the possibility of early
stent occlusion. It is also known that the inci-
dence of tumor proliferation among the meshes
in cases of proliferating tumor is higher [49, 66,
83-86].

In the case of stent occlusion, Y-type stent-
ing is performed by puncturing the bile duct of
the mesenchyme where one end of the clogged
stent is located and reinserting the stent after
passing the guidewire through the clogged site.
However, when a T-type stent is inserted, the
stent cannot be reinserted immediately because
its mesh blocks the bile duct. Therefore, it is
necessary to perform balloon dilatation through
the mesh with a balloon catheter and reinsert
the stent through the widened mesh [82, 84]. In
other words, the Y-type is relatively advanta-
geous, in terms of ease of reoperation, because
the T-type is difficult to reuse if stent occlusion
occurs, and a PTBD catheter must be main-
tained for the entire lifetime in case of failure
[43]. In patients with both T- and Y-type stents,
bilateral bile duct stents are effective for reduc-
ing bilirubin levels following an advanced
malignant intrahepatic bile duct obstruction
procedure. In particular, no difference in biliru-
bin reduction rate was observed between the
two stent types over a follow-up period of more
than 1 month, and there was also no significant
difference in retention rate. Therefore, it is nec-
essary to choose the treatment method accord-
ing to the complications, ease of procedure, and
need for re-intervention.

Crisscross-Configured Stent
Deployment

Drainage of the right hepatic sector (right ante-
rior duct or right posterior duct) is inevitable in
the case of an advanced hilar obstruction that
includes the segmental duct, due to the limited
drainage volume [61]. A crisscross-configured
stent has been developed to overcome this disad-
vantage (Fig. 7.7) [61]. Hilar tumors that extend
beyond the right segmental duct may remain
without draining the right segmental duct, even
with bilobar drainage. According to a report on
the distribution of intrahepatic volume, the right
lobe accounts for two-thirds of the total liver vol-
ume. Each sector of the right lobe has a similar
volume to that of the left hepatic lobe [87].
Therefore, T- and Y-configured stents should be
considered as bisectoral drainage methods, par-
ticularly for advanced hilar malignancy, rather
than bilobar drainage methods. The most effec-
tive way to drain three sectors using minimal
stenting may be through crisscross-configured
stent placement [61].

This method involves three IHDs, to enable
“trisector” drainage (right anterior duct [RAD],
right posterior duct [RPD], and LHD) [61].
However, the procedure is more complex and
requires two or more percutaneous transhepatic
approaches, resulting in increased morbidity.

The stent must be located along the biliary
ductal anatomy for effective trisector drainage. A
RAD-LHD/RPD-CBD pathway is effective if the
patient has standard anatomy, with the RPD
meeting the RAD and forming the RHD. This
case is because the RAD-to-LHD direction is
more obtuse and inserting a stent is thus easier.
The RAD-LHD/RPD-CBD pathway should be
used if the RPD joins the LHD. If the RPD-LHD/
RAD-CBD pathway is used, then a transverse
stent may become completely separated from a
vertical stent, which can lead to failed internal
drainage. If this happens, a new stent is needed to
connect the two stents.

Although it is unclear whether two stents need
to cross in the hepatic hilum, an intersecting stent
system has an advantage in terms of system
integrity and also secures a large luminal diameter
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[61]. Trisectional stents may be used as palliative
therapy for longer periods because they can
involve the IHDs of the liver to a greater extent
than bisectional stents [61].

Endoscopic or Percutaneous Biliary
Drainage

Klatskin tumors are classified based on the
Bismuth—Corlette classification according to
the extent of hepatic duct involvement [19].
MRCP and CT are helpful for classifying HC
according to the Bismuth classification and
thus for determining the initial treatment
method. Endoscopic treatment is preferred to
percutaneous drainage for Bismuth types I and
IT [30]. However, the European Society of
Gastrointestinal Endoscopy Guidelines recom-
mend that endoscopic drainage of HC should
be performed at high-volume centers with
experienced endoscopists and multidisci-
plinary teams [67]. Other guidelines also rec-
ommend a percutaneous approach for Bismuth
types III and IV. This scenario is due to the low
success rate of endoscopic procedures in
Bismuth type III and IV cases and the increased
risk of cholangitis following ERCP [30, 88].

However, despite these recommendations,
endoscopic biliary drainage is helpful for patients
with Bismuth type III or IV, if there is sufficient
endoscopic expertise. Endoscopic biliary drain-
age is less invasive than percutaneous drainage
[54].

If endoscopic stenting fails, PTBD should be
performed on the same day as ERCP and percu-
taneous stenting should be maintained for
2-3 days. Furthermore, if endoscopic biliary
drainage fails, then immediate conversion to a
percutaneous approach is essential because post-
procedural cholangitis is common due to residual
contrast agent, and the patient’s progress may be
poor [54].

A malignant hilar stricture is defined as a far-
advanced malignant hilar stricture, in which
biliary drainage is difficult. Such strictures can
be characterized as follows: (1) difficult (tight/

long/tortuous), (2) obstructing multiple lobes
and segments, and (3) at higher risk of cholangi-
tis on intervention. Planning the treatment strat-
egy for far-advanced malignant hilar strictures
requires not only considering the Bismuth type
but also consulting with an expert team, includ-
ing endoscopists and radiologists (Figs. 7.9,
7.10, and 7.11).

Due to recent advances in ERCP technology,
biliary drainage of multiple ducts has been tried
in some studies. Drainage of more than three
biliary ducts involves the LHD, posterior branch
of the right hepatic duct (pRHD), and either or
both of the anteroinferior branch of the right
hepatic duct (aiRHD) and the anterosuperior
branch of the right hepatic duct (asRHD) [5].
According to one study, there was no significant
difference in complication rates between a
group with three or more biliary drainage proce-
dures and one with one or two biliary drainage
procedures. Therefore, drainage of multiple
ducts with a SEMS can be considered feasible
and safe compared to drainage of only one or
two ducts. However, to successfully drain mul-
tiple ducts, the operator must use appropriate
devices, such as guidewires, catheters, and
stents. It is also necessary to be familiar with the
anatomy of a complicated hepatic duct [89]. In
addition, multilateral drainage requires high
levels of skill and experience, and use of an
endoscopic technique, because re-intervention
is difficult. If these conditions are met, then the
efficacy of multiple biliary duct drainage may
be further enhanced.

Therefore, a percutaneous approach is not
always an appropriate alternative in cases where
ERCP is considered difficult. Drainage of mul-
tiple biliary ducts is feasible and should be tai-
lored to the individual patient, and according to
the skills and experience of, and techniques
available to, the endoscopist. A palliative endo-
scopic approach for advanced hilar tumor
requires a strategy that preserves as much of the
nonatrophied liver as possible during the life-
time of the patient and avoids the potentially
lethal complications associated with stent dys-
function [90].
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Fig. 7.9 Far-advanced malignant hilar stricture; long and
tight stricture. (a) A Klatskin type IV tumor was noted on
MRI. (b) Y-stent insertion failed during ERCP due to fail-
ure to inability to pass the guidewire through the stricture.

Summary

In the early 2000s, the success rate of endoscopic
biliary drainage of hilar tumors was 55-81% [41,
56]. However, due to the development of stenting
devices and endoscopic stenting techniques, the
success rate of endoscopic stent insertion is
increasing [8, 48, 91]. However, the success rate
of endoscopic stenting remains lower for
advanced HC than percutaneous stenting [92].
According to a multicenter retrospective study,
percutaneous procedures in advanced HC patients

(c) A long and tight stricture was seen. (d) A crisscross-
configured stent was inserted through the right posterior
IHD to the CBD and through the left IHD to the right ante-
rior IHD

showed a significantly higher success rate than
endoscopic drainage, and the risk of cholangitis
is lower [93].

The most common cause of failure of endo-
scopic stenting is inability to pass a guidewire
along the stricture or to insert the guidewire into
the contralateral duct after inserting the initial
stenting [54]. Even if the guidewire is success-
fully positioned, the stent delivery catheter may
not pass through the stricture [54]. The percuta-
neous method is an alternative if endoscopic
stenting fails (Figs. 7.7, 7.8, and 7.9). According
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Fig. 7.10 Far-advanced malignant hilar stricture; failed
insertion of the catheter. (a) A Klatskin type IV tumor was
noted on MRI. (b) Y-stent insertion failed during ERCP

to a radiologic study on passing a guidewire
through a stricture, acute angulation between the
left IHD and CBD is an independent predictor of
failure to pass a guidewire [54]. The angle
between small IHDs and CBDs makes it difficult
to locate an entrance point for the guidewire,
which renders the guidewire and catheter difficult
to engage [54]. Obstruction is more complex in
HCs of Bismuth types III and IV, because the
obstructed site is narrower, longer, serpentine,
and contains more mesenchyme [54].
Percutaneous biliary stenting can accurately dis-
tinguish the bile duct for drainage, whereas endo-
scopic biliary drainage only occurs in a retrograde

due to inability to pass the stent through the stricture. (c)
PTBD was achieved through the left IHD. (d) A T-stent
was inserted during PTBD

direction, making manipulation of instruments
more difficult [54].

Evaluating bile ducts according to their
radiological characteristics is difficult because
radiographs are an indirect measurement modal-
ity. A direct cholangiogram during ERCP or
PTBD is more accurate than preoperative radio-
logical imaging [94]. Determination of whether
or not the catheter can be passed through the
guidewire can be achieved most accurately by
ERCP [54].

According to a prospective study of endo-
scopic stenting for preoperative biliary drainage,
a significant factor in stenting failure is a proxi-
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Fig. 7.11 Far-advanced malignant hilar stricture; failed
bilateral guidewire insertion. (a) A CCC with hilar inva-
sion was noted on APCT. (b) Y stent insertion failed due

mal biliary obstruction (Bismuth type III or IV)
and total bilirubin level (>8.8 mg/dl) [95].
Complications of percutaneous and endoscopic
approaches differ by study [54, 96] and may be
reduced when performed by a skilled radiologist
using certain techniques and tools [54].

The advantages of a percutaneous approach
are as follows: [30, 61, 63, 66] (1) easier manipu-
lation of the guidewire and catheter, (2) the pos-
sibility of precise selection of lobes or segments
for drainage, (3) the availability of a variety of
stent designs (T-configured, single- and dual-

to inability to pass the guidewire bilaterally. (¢) PTBD
was achieving through the right IHD. (d) A T-stent was
inserted during PTBD

access, and crisscross-configured), and (4) the
possibility of stent patency evaluation before
removing the external drainage catheter.
Therefore, even though there is controversy
regarding unilateral versus bilateral drainage in
cases of HC, clinicians should perform percuta-
neous drainage before bilateral endoscopic stent-
ing for advanced HC without hepatic atrophy.
Even if the endoscopic approach fails, “rendez-
vous” percutaneous and endoscopic procedures
or percutaneous drainage will resolve obstructive
cholestasis in hilar carcinoma [54]. However, the
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percutaneous approach also has some disadvan-
tages: (1) pain at the puncture site, (2) a two-step
process necessitating a prolonged hospital stay,
(3) potential for vascular injury or bile leak, and
(4) outcome dependent on operator skill.

In conclusion, malignant hilar stricture requires
a highly tailored treatment approach that should
emphasize both clinical success and patient safety.
The use of unilateral or bilateral stenting should
be determined based on drainage volume and liver
function. Excessive multi-stenting, particularly to
an atrophied area, should be avoided to reduce the
risk of cholangitis. Securing a larger drainage vol-
ume from the normal liver is beneficial. Effective
biliary decompression is not merely a technical
question of how many stents can be inserted; the
ultimate goal is to achieve a drainage configura-
tion that optimizes function. Thus, inserting a PS
is recommended for initial biliary drainage.
Insertion of a SEMS should be considered after
confirming good biliary drainage with a remov-
able stent. The second stent has shorter patency,
regardless of the stent type.

The first-line stent insertion method for patients
with advanced and difficult Bismuth types (II and
IV) should be the percutaneous approach, due to
its high success rate and good clinical outcomes.
Furthermore, acute angulation between the left
IHD and CBD increases the likelihood of endo-
scopic stent failure. If the endoscopic approach
fails, then subsequent percutaneous drainage must
be performed to prevent cholangitis, which will in
turn reduce morbidity and mortality [54]. If com-
plete biliary drainage is not achieved through
ERCP, percutaneous methods should be consid-
ered. In addition, biliary drainage, particularly for
advanced malignant hilar lesions, should be per-
formed at institutions with expert operators and
fully equipped units.
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Introduction

Malignant biliary obstruction results from vari-
ous tumors such as pancreatic cancer, cholangio-
carcinoma, and gallbladder cancer. Malignant
biliary obstruction could contribute to poor clini-
cal outcomes including cholangitis, delay in
treatment, decreased quality of life, and increased
mortality [1]. Palliative treatment with biliary
stent placement is crucial to alleviate symptoms
and potentially prevent adverse events [2].
Palliative biliary drainage can be performed
by two methods: endoscopic stenting and percu-
taneous drainage. Currently, endoscopic biliary
drainage is preferred because of minimal inva-
siveness, less mortality, shorter hospitalization
period, and recent progress in endoscopic devices
[3]. Current guidelines recommend endoscopic
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biliary drainage rather than percutaneous
approach in terms of quality of life, adverse
events, shorter hospitalization, and lower total
costs [4]. Therefore, transpapillary stent place-
ment with endoscopic retrograde cholangiopan-
creatography (ERCP) has become the standard of
care for malignant biliary obstruction. However,
the presence of duodenal obstruction that can
occur in later stages of malignancy or surgically
altered anatomy often preclude accessing bile
duct with ERCP [5]. With recent advance endo-
scopic ultrasound (EUS), transmural stent place-
ment under EUS guidance has emerged as an
alternative procedure to percutaneous biliary
drainage after failed ERCP [6]. Here, we review
both established and emerging areas of EUS and
ERCP in the management of palliative malignant
biliary obstruction.

Choice of Biliary Stent for Endoscopic
Drainage

Currently, two types of biliary stents are available
for biliary drainage: plastic stents (PSs) and self-
expandable metal stents (SEMSs) (Fig. 8.1).
SEMSs can be either uncovered or covered with
material to prevent tumor ingrowth [7]. Several
factors could affect the choice of biliary stent
such as life expectancy, presence of distant
metastasis, cause/site/length of malignant stric-
ture, diameter of bile duct, site of the cystic duct,
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Fig. 8.1 A 63-year-old man with pancreatic adenocarci-
noma developed biliary obstruction due to common bile
duct invasion. (a) There is a common bile duct stricture

tumor involvement of the pancreatic duct, or
future treatment [3]. Theoretically, SEMSs have
a larger lumen (6-10 mm) compared with PSs
(5-10 Fr), and SEMS may have several advan-
tages over a PS, such as prolonged stent patency,
fewer repeat interventions, and decreased hospi-
tal stays [8].

For the management of distal biliary obstruc-
tion, current guidelines recommend the place-
ment of SEMS rather than that of PS for palliative
drainage [4, 9]. Although the technical success
rates for SEMSs and PSs were similar, SEMSs
showed longer stent patency, lower adverse event
rates, and fewer re-interventions as compared
with PSs [10]. Different types of SEMS includ-
ing covered SEMSs (CSEMSs) and uncovered
SEMSs (USEMSs) can be used in palliative
cases. USEMSs have a mesh design that allows
them to embed in the biliary duct wall, but it also
makes them susceptible to tissue ingrowth, which
can lead to occlusion in as many as 20% of
patients. CSEMSs were designed to prevent tis-
sue ingrowth, but because of this they are known
to have increased rates of migration (Fig. 8.2)
[11]. Several studies have demonstrated the
trade-off between tissue ingrowth in USEMS and

with dilatation of proximal bile duct. (b) A plastic biliary
stent is inserted with satisfactory position

migration in CSEMS. Due to the downside of
each USEMS and CSEMS, there was no advan-
tage of CSEMS, compared with UCSEMS, in
terms of the proportion of stent dysfunction,
overall adverse events, or patent survival
(Table 8.1) [12, 13].

The types of stents used for drainage in hilar
biliary stricture include PSs and SEMSs. In
patients with malignant hilar biliary strictures,
CSEMSs are not indicated because they would
block the contralateral hepatic duct and intrahe-
patic side branches and potentially cause cholan-
gitis [11]. The median patency of PS is
1.4-3 months, whereas a larger diameter SEMS
provides a longer patency at 6-10 months [14].
Several studies demonstrated that USEMS place-
ment for palliative treatment of hilar biliary
obstruction seems to be superior to PS placement
in terms of stent patency, adverse events, and
reintervention [15-17]. USEMSs seem to be bet-
ter stents for palliative endoscopic drainage as
compared to PSs. Based on these results, there-
fore, SEMS placement is recommended in
patients with a predicted survival of longer than
3 months for palliation with respect to clinical
outcomes in Asia-Pacific consensus [14].
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Fig. 8.2 A 53-year-old man was diagnosed with pancre-
atic adenocarcinoma (a) ERCP shows a distal common
bile duct stricture. (b) A single fully covered self-

Stent dysfunction is inevitable regardless of
stent types. For plastic stents, the development of
biofilm and bacterial colonization is the most
important factor [18]. SEMSs have been devel-
oped to overcome the limitations of plastic stents
such as early occlusion due to small caliber of
plastic stents, but SEMSs can still occlude [19].
For USEMS, tissue ingrowth through the mesh
interstices at the level of the tumor remains the
most likely source of occlusion. The occlusion or
dysfunction of fully CSEMS may occur due to
stent migration, overgrowth of tissue at the ends
of the stent, cholecystitis due to covering of cys-
tic duct by CSEMS or accompanying tumor inva-
sion of cystic duct, or food debris [1]. Therefore,
clinicians should know the characteristics of each
stent and be able to choose the best stent for the
situation.

The diagnosis of stent dysfunction has not
been standardized. It is usually based on the com-
bination of clinical criteria and liver function
tests, complemented with transabdominal ultra-
sound in some cases. Recent studies have mostly
used paraclinical tests, as in the study by Schmidt
et al. who defined stent dysfunction as the pres-
ence of two of the three following criteria: (a)
ultrasound showing new dilatation of intrahepatic
or extrahepatic bile ducts, (b) bilirubin >2 mg/dL
(34.2 pmol/L) with an increase >1 mg/dL
(17.1 pmol/L) compared to the value after initial
successful drainage or elevation of alkaline phos-

expandable metal stent was inserted. (c¢) Final image after
deployment of the stent

phatases/gamma-glutamyl transferase to more
than twice the upper limit of normal values with
an increase of at least 30 U/L, and (c) signs of
cholangitis  (fever and leukocyte count
>10,000 pL~' or C-reactive protein (CRP)
>20 mg/dL) [4, 20]. According to ESGE guide-
lines, when stent dysfunction occurred in patients
with plastic stents, a plastic stent should be
replaced by a SEMS. In cases of SEMSs, a plas-
tic stent or a new SEMS should be inserted within
the original SEMS [4].

Necessity of Endoscopic
Sphincterotomy for Biliary Stent
Placement

Endoscopic sphincterotomy (EST) has been per-
formed as a way to prevent pancreatitis after stent
placement by reducing tension at the pancreatic
duct orifice [21]. In addition, EST has been con-
sidered to ease the deployment of stent. However,
EST has flaws such as bleeding and stent migra-
tion [22]. In a meta-analysis by Cui et al., EST
before stent placement was associated with a
lower rate of pancreatitis (OR, 0.34; 95% ClI,
0.12-0.93), but a higher rate of bleeding (OR,
9.70; 95% CI, 1.21-77.75) [23]. A recent study
by Hayashi et al. revealed that EST in patients
with nonresectable pancreatic cancer has no ben-
efit for preventing pancreatitis [24].
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However, in patients with hilar obstruction,
limited data are available on the outcome of ES
before stent placement. In a retrospective study
by Tarnasky et al., post-procedure pancreatitis
after stent placement was frequently observed in
patients with proximal CBD obstruction without
EST (four of 24 patients) compared to those with
distal or no stricture (0 of 59 patients) [25]. In a
randomized controlled study by Zhou et al.,
patients with proximal bile duct obstruction
showed a higher incidence of PEP among patients
who did not undergo EST [26]. Therefore, pro-
spective studies are warranted to compare the
outcomes of EST before stent placement.

Position of Distal End of Stent:
Transpapillary vs. Suprapapillary
Stent Placement

It has been postulated that stent insertion where
the distal tip remains above the papilla could pre-
vent the reflux of bacteria and undigested materi-
als into the biliary system and the stent and thus
contribute to prolonged patency [11]. In a ran-
domized trial by Pedersen et al., there was no dif-
ference in stent patency in terms of plastic stent
placement [27]. In cases with SEMS placement,
transpapillary stent placement was the most sig-
nificant factor for cholangitis after SEMS place-
ment [28]. Thus, further prospective comparative
studies are mandatory.

Optimal Endoscopic Drainage
of Malignant Hilar Stricture

Endoscopic drainage for malignant hilar stricture
remains challenging with no definite consensus
on the optimal approach. There has been consid-
erable debate with respect to optimal type of
stent, drainage area (unilateral or bilateral drain-
age), and bilateral metal stenting method [stent-
in-stent (SIS) or side-by-side (SBS)]. Currently,
there was no clear consensus on the best endo-
scopic drainage method for performing unilateral
or bilateral stenting in patients with hilar obstruc-
tion. Although unilateral drainage is technically

easier than bilateral drainage, bilateral drainage
is more physiological and has superiority in
drainage liver volume compared with unilateral
stenting [7]. Before biliary drainage, appropriate
pre-ERCP mapping of the site of obstruction is
important. At least, a unilateral drainage proce-
dure should be performed if only one side is
opacified. In experienced centers, if the endosco-
pist has confidence in its success or if both sides
have been injected with contrast, bilateral biliary
drainage should be performed [11].

With recent advancement of dedicated SEMS
for hilar drainage, bilateral SEMS placement
demonstrated the relatively high success rate,
regardless of bilateral stenting method. Currently,
there was no consensus for the optimal method
performing bilateral SEMS deployment. SBS
method has become easier with the availability of
small-diameter delivery catheters that can be
passed simultaneously in a standard therapeutic
channel duodenoscope and permit simultaneous
SEMS deployment [4, 29]. On the one hand, a
concern in the SBS method is overexpansion of
the stricture and distal bile duct by two SEMSs.
The excessive expansion force of two SEMSs can
cause severe pain, acute cholecystitis, and occlu-
sion of the portal vein [30]. On the other hand,
SIS method is suitable for nondilated bile ducts
due to avoiding excessive expansion of the bile
duct. Recent meta-analysis showed similar
results between SIS and SBS methods in terms of
technical success, successful drainage, adverse
events, and stent patency [31]. Therefore, further
well-designed large-scale studies comparing
these methods are warranted.

Endoscopic Biliary Stenting
in Patients with Duodenal
Obstruction

Patients with periampullary cancer are often
diagnosed at the advanced stage and are not suit-
able for surgical treatment. In these patients,
malignant duodenal obstruction frequently devel-
ops concomitant biliary obstruction and require
biliary intervention as their malignancies pro-
gresses [32]. In the past, the standard treatment
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for duodenal obstruction was bypass gastrojeju-
nostomy. As the development of endoscopically
placed SEMS, endoscopic duodenal stenting has
been increasingly used for palliative treatment.

Combined biliary obstruction and duodenal
obstruction is categorized according to the loca-
tion and sequences. Type 1 strictures occur in the
first part of the duodenum without involvement
of the papilla. Type 2 strictures affect the second
part of the duodenum with involvement of the
ampullary region. Type 3 strictures occur in the
third part of the duodenum distal to and without
involvement of the major papilla [33]. Of the
three types of malignant biliary-duodenal
obstruction, technical difficulty to achieve suc-
cessful combined biliary and duodenal palliation
is least in patients with type 3 duodenal stenosis,
while type 1 is intermediate and type 2 is the
most technically difficult [34].

In patients with type 1 duodenal obstruction,
biliary stent placement could be achieved by pas-
sage of a side-viewing duodenoscope through the
duodenal obstruction. However, it may be diffi-
cult and have a risk of duodenal perforation [35].
Duodenal stricture can be dilated using a balloon
before biliary stent placement. However, bleed-
ing or luminal edema resulting from duodenal
dilation can interfere with biliary stent placement
[36]. If the duodenoscope cannot be passed
through the stricture despite balloon dilation, a
duodenal stent is placed across the stricture. It is
important that the duodenal stent be placed with
the distal end positioned proximal to the level of
the major papilla to allow the bile duct to be
accessed [34]. If the duodenoscope cannot be
passed through the duodenal stent lumen because
of inadequate stent expansion, then balloon dila-
tion of the duodenal stent may be needed.

Biliary stenting is challenging in patient with
type 2 duodenal obstruction. In type 2 duodenal
obstruction, duodenal obstruction is often pre-
ceded by or simultaneous with biliary obstruc-
tion [37]. Because major papilla can be
compromised by covered SEMS in type 2 duo-
denal obstruction, uncovered duodenal SEMS
may be preferred. Identification or cannulation
of duodenal papilla is often difficult because the
major papilla is not endoscopically identifiable

due to extensive tumor infiltration. Although
successful cannulation of the papilla through the
mesh of a duodenal stent is difficult, biliary stent
placement may be achieved after duodenal stent
placement [36]. In previous studies, various
methods such as removal of stent wires with for-
ceps, argon plasma coagulation to melt stent
struts, and balloon dilatation of the stent inter-
stices for facilitating biliary access have been
performed, but are not always successful and
require a very technically demanding and
lengthy procedure [33, 38].

For biliary stent placement in type 3 duode-
nal obstruction, biliary drainage is easier than
type 1 or type 2 obstruction. The tumor encases
the bile duct causing biliary obstruction and
extends inferiorly causing duodenal obstruction
below the level of the major papilla [34].
Duodenoscope can be reached to the major
papilla, and it is not necessary to pass the duo-
denoscope beyond the duodenal obstruction.
When the proximal level of the duodenal
obstruction is close to the major papilla, it is
better to avoid placing the duodenal stent across
the papilla so that biliary access is preserved
both at the time of the initial biliary stenting and
reintervention for stent occlusion.

A recent study revealed that endoscopic bili-
ary cannulation was difficult (13/38, 34.2%) in
patients with biliary obstruction and a papilla
obscured by a preexisting duodenal stent [39].
In a more recent study that included 71 cases
with combined duodenal and biliary obstruction
who underwent ERCP through a previously
placed enteral stent, the technical success rate in
patients with type 2 duodenal obstruction
(16/21, 76%) was lower than in patients with
type 1 (40/46, 87%) or type 3 (4/4, 100%)
obstruction [40]. If the biliary drainage cannot
be accessed through a transpapillary approach
after duodenal stent placement, then biliary
access can be achieved using a percutaneous or
EUS approach.
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EUS-Guided Biliary Drainage
for Malignant Biliary Obstruction

EUS-guided biliary drainage (EUS-BD) has been
introduced as an alternative treatment option to
percutaneous transhepatic biliary drainage
(PTBD) after failed ERCP [41, 42]. EUS-BD
may be advantageous over ERCP or PTBD as
follows: (1) ERCP is impossible when the papilla
is not accessible with endoscopy; however,
EUS-BD is possible even in surgically altered
anatomy or inaccessible papilla. (2) One of the
most common and serious adverse events of
ERCP is procedure-related acute pancreatitis. In
EUS-BD, traumatic papillary manipulation that
can lead to acute pancreatitis could be prevented.
(3) The stent patency might be longer in EUS-BD
than in ERCP because the stents are not needed
to be deployed across the stricture site [6, 43].
EUS-BD shows similar efficacy compared to
PTBD when performed by expertise and may be
more comfortable and physiologic to the patients
than PTBD because EUS-BD is an internal drain-
age [43]. However, EUS-BD remains limited
because of the complexity of this procedure and
lack of dedicated device for EUS-BD.

Types of EUS-BD

EUS-BD implies three different approaches to
the bile duct: rendezvous technique, antegrade
stenting, and transmural stenting (Fig. 8.3) [42].
The accessibility to the papilla should be consid-
ered first. If the papilla is accessible with endos-
copy, rendezvous technique may be preferred.
EUS-guided rendezvous technique is available
when the ampulla is endoscopically accessible

Fig. 8.3 Treatment
algorithm for malignant
biliary obstruction

and ERCP with selective cannulation of the bile
duct fails. However, in rendezvous technique,
negotiating guidewire to pass through the ampulla
is sometimes difficult. When the guidewire tra-
verses through the papilla with transgastric intra-
hepatic approach, antegrade stenting may be
available. Antegrade stenting is useful especially
when the papilla is inaccessible with endoscopy.
When all these approaches fail, transmural stent-
ing should be considered, and the transmural
stenting usually has two methods: hepaticogas-
trostomy and choledochoduodenostomy. EUS-
guided choledochoduodenostomy (EUS-CDS)
may be technically easier than EUS-guided
hepaticogastrostomy (EUS-HGS). EUS-HGS
has many more types of adverse events than
EUS-CDS, and it has potential risk of life-
threatening adverse events including peritoneal
stent migration, mediastinitis, and pneumomedi-
astinum [44]. EUS-CDS may be more vulnerable
to bile leak than EUS-HGS. In cases of surgically
altered anatomy or duodenal obstruction, hepati-
cogastrostomy may be considered first. In
patients with acute cholecystitis and high risk of
surgery, EUS-guided gallbladder drainage (EUS-
GBD) may be considered. In addition, EUS-GBD
can be a possible alternative route for decompres-
sion of the bile duct when ERCP fails and biliary
ducts are not dilated enough [45].

Indication of EUS-BD

The first indication of EUS-BD is when selective
deep cannulation of the bile duct with ERCP
fails. EUS-BD has the advantage that it can be
performed directly by the same operator if ERCP
fails. EUS-BD can be considered initially when
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surgically altered anatomy or duodenal obstruc-
tion is accompanied. Recently, primary palliation
of cholestasis with EUS-BD instead of ERCP in
malignant biliary obstruction has been intro-
duced, and the indication of EUS-BD is expected
to expand gradually [6]. Regarding the level of
biliary obstruction, distal biliary obstruction may
be easily resolved by EUS-BD. In terms of hilar
biliary obstruction, drainage of the left intrahe-
patic duct is more appropriate with EUS-BD.
Drainage of right intrahepatics is challenging
with EUS-BD; however, several techniques such
as bridging method (insertion of uncovered metal
stent between the right and left intrahepatics to
across the hilum and then insertion of covered
metal stent as EUS-HGS) or hepaticoduodenos-
tomy have been introduced [46, 47]. EUS-BD is
contraindicated when bleeding tendency or
uncorrected coagulopathy is present.

Preparation Prior to EUS-BD

Antibiotic prophylaxis is required before
EUS-BD. There is no consensus about fasting
time in EUS-BD; however, we recommend fast-
ing time as minimal 4-6 h before the procedure.
EUS-BD can be performed under conscious
sedation or general anesthesia. If there is gastric
outlet obstruction, then longer fasting time would
be required to prevent peritonitis by remnant
food. CO, insufflation during the procedure is
recommended to reduce the risk of pneumoperi-
toneum [48]. Puncture of the bile duct can be per-
formed with conventional 19-G EUS-guided fine
needle aspiration needle. Recently, novel needle
for EUS-BD (EUS access needle, Cook Medical,
Bloomington, USA) has been developed, and it
has blunt needle tip that can prevent shearing the
coating off guidewires.

EUS-BD is performed under a real-time imag-
ing with curvilinear array echoendoscope and
fluoroscopy. Selection of a guidewire is important
in EUS-BD, and a 0.025-in. VisiGlide guidewire
(Olympus America, San Jose, USA) is preferred
in EUS-BD because of its adequate stiffness and
improved negotiation capability. Sometimes,
0.035-in. guidewires (Jagwire, Boston Scientific,
Natick, USA; Tracer, Cook Medical) may be use-
ful. Diluted contrast is used in EUS-BD to facili-

tate the visualization of the guidewires. When
guidewire negotiation is difficult, 4 Fr cannula
can be used to advance a guidewire through the
fistula and into the intrahepatics.

Fistula dilation can be performed with 4 Fr
cannula, 6 and 7 Fr bougie catheter, 4-mm bal-
loon catheter (Hurricane RX, Boston Scientific),
needle knife, and 6 Fr cystotome (Cook Medical).
The use of a needle knife for fistula dilation is not
recommended for the risk of adverse events
including pneumoperitoneum and bleeding [49].

In EUS-BD, fully covered or partially covered
metal stents are superior to plastic stents in terms
of bile leak. To prevent stent migration, several
types of metal stents with flared end, uncovered
portion at the bile duct side, flaps, or flanges have
been developed. In addition, the use of a lumen-
apposing self-expandable metal stent for EUS-
CDS or EUS-guided gallbladder drainage has
been reported. In EUS-HGS, longer stents are
favored to prevent proximal and distal migration.
Recently, a novel dedicated device for one-step
EUS-BD without additional fistula dilation has
been introduced, which may result in shortened
procedural time with less procedure-related
adverse events [50].

EUS-BD Protocol

Rendezvous Technique

The extra- or intrahepatics are accessed with EUS
needle. The extrahepatic approach may be pre-
ferred because intrahepatic approach requires
more difficult guidewire manipulation that has to
pass through the stricture site and the papilla. The
extrahepatic bile duct can be assessed by two
methods: push and pull. Although pull methods
have more unstable scope position than push
methods, negotiation of guidewire across the
papilla is easier with pull methods. The intrahe-
patics can be approached via B2 or B3 duct.
Because B2 duct is less angulated than B3, B2 is
preferred over B3. After puncturing the bile duct,
a small amount of bile juice is aspirated to con-
firm the bile duct access. Contrast is injected to
obtain cholangiography, and then a guidewire
negotiates a stricture site and pass through the
papilla in an antegrade manner. Guidewire manip-
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ulation is the most difficult step in rendezvous
technique. Coiling of the guidewire inside the
duodenum is necessary to prevent loss of guide-
wire during withdrawal of the needle and the
echoendoscope. After removal of the EUS needle
and echoendoscope, conventional duodenoscope
is intubated into the duodenum. Usually, selective
deep cannulation of the bile duct is possible fol-
lowing the existing guidewire; however, when this
method fails, the loops of guidewire is caught
with a biopsy forceps or snare, and then the guide-
wire is pulled through the working channel, and
the catheter or sphincterotome is inserted along
the guidewire. The rendezvous technique may be
the safest way in EUS-BD; however, this tech-
nique is cumbersome and time consuming.

Antegrade Stenting

The initial steps of antegrade stenting are similar
to those of rendezvous technique. With a 19-G
EUS needle, the intrahepatics are punctured and
cholangiogram is obtained. The intrahepatics B2
may be preferred than B3 because B2 is usually
more straightened. After guidewire manipulation
passes across the stricture site and the papilla, a
couple of loops of guidewire are placed inside the
duodenum, and then the needle and the echoen-
doscope are withdrawn. A 4-mm balloon catheter
is useful for dilatation of the papilla and stricture
site to facilitate advancement of the stent delivery
system. Lastly, the biliary metal stents are placed
along the guidewire in an antegrade manner. To
prevent the bile leak at the puncture site, 5 Fr
nasobiliary drainage may be placed temporally.
Usually, an uncovered metal stent is placed in
EUS-guided antegrade transpapillary stenting.
Therefore, stent dysfunction related to tumor
ingrowth may occur. EUS-guided HGS with
transmural stenting may be performed in the
same session of EUS-guided antegrade stenting
because of possible stent revision via fistula tract
maintained by HGS stenting.

Transmural Drainage

As previously mentioned, EUS-CDS and EUS-
HGS are two main methods in EUS-guided trans-
mural  drainage. Sometimes, EUS-guided
choledochoantrostomy or hepaticoduodenostomy

could be available. The basic steps of EUS-guided
transmural drainage are as follows: accessing the
biliary system with EUS needle, injection of con-
trast media for cholangiography, guidewire manip-
ulation, fistula dilatation, and stent deployment.

When performing EUS-CDS, long scope posi-
tion is preferred because it guides the direction of
needle toward hilum of the liver and facilitates
guidewire manipulation. Because the common
bile duct runs parallel to the portal vein, it is easy
to identify the common bile duct on EUS. Before
puncturing the bile duct, color Doppler imaging
can be used to identify the intervening vasculature.
After confirming access of the common bile duct
by aspiration of bile juice, radiocontrast is admin-
istered to obtain cholangiography. Then, a guide-
wire is manipulated to be placed into the
intrahepatics, and EUS needle is removed gently.
During guidewire negotiation, excessive manipu-
lation may cause shearing of guidewire coating.
Fistula tract is dilated to facilitate the advancement
of stent delivery system. Mechanical dilation is
preferred over cautery dilation due to safety issue.
A 4-mm hurricane balloon catheter is preferred
over sequential dilatation with a 4 Fr cannula and
bougie catheter because sequential dilatation
lengthens procedural time and may cause separa-
tion between the bile duct and the duodenum. In
EUS-CDS, the length of metal stent is mainly
5-6 cm. After inserting stent delivery system, stent
deployment should be performed under EUS and
fluoroscopic guidance rather than endoscopic
view. It is important to attach the tip of echoendo-
scope to the duodenum to prevent stent migration
or displacement of echoendoscope. Finally, flows
of bile juice from the stent placed in the duodenum
can be seen by endoscopic view (Fig. 8.4).

For successful EUS-HGS, the puncture site
should be selected carefully. At the optimal
access point, the intrahepatics runs from the
upper left to the lower right on EUS imaging,
and the diameter of the intrahepatics is more
than 5 mm and the length is more than 1 cm
[51]. B3 is preferred over B2 to prevent punctur-
ing from the esophagus. B3 puncture is usually
achieved in the lesser curvatures of stomach
body; thus, during deployment, the tip of the
stent in the stomach can be verified, and stent
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migration can be prevented. A guidewire negoti-
ates toward the liver hilum. When the guidewire
is advanced into the peripheral biliary tract,
liver impaction method that withdraws the EUS
needle into the hepatic parenchyma can prevent
guidewire kinking with the EUS needle [52].
Fistula dilation is performed the same way as
EUS-CDS. In terms of stent deployment, the
front one-half of a metal stent is deployed under
EUS and fluoroscopic guidance, and then the
remaining is deployed inside the working chan-
nel to stabilize the position of the echoendo-
scope. Finally, the scope is pulled out gently,
and this stent deployment technique may secure
the stable position of the metal stent and shorten
the distance between the liver parenchyma and
the stomach (Fig. 8.5) [53]. To prevent stent
migration by shortening of the stent, a long stent
of 10 cm or more and over 3 cm of gastric ends
is recommended in EUS-HGS.

EUS-guided gallbladder drainage (EUS-
GBD) is useful in patients with acute cholecysti-
tis caused by malignant cystic duct obstruction
who are not suitable for surgery [54]. In addi-
tion, EUS-GBD could be a potential alternative
treatment for decompression of the biliary
obstruction when ERCP fails and the bile duct is
not dilated [45].

When Duodenal Obstruction Is
Accompanied

The duodenal obstruction is often accompanied
in malignant biliary obstruction, and ERCP and
stent placement are challenging in these cases.
When the ampulla of Vater is inaccessible with
endoscopy or ERCP fails because of the duode-
nal obstruction, EUS-BD may be a good rescue
method for the palliation of malignant biliary
obstruction. If the patient has obstructive symp-
toms related to duodenal obstruction, duodenal
stenting may be preceded before EUS-BD. And
then, EUS-BD with transmural approach is pre-
ferred to rendezvous technique or antegrade
approach. Rendezvous technique is not avail-
able in patients with type 1 duodenal obstruc-
tion. Antegrade stenting may be very difficult in
patients with type 2 duodenal obstruction since
negotiation of guidewire passing through the
ampulla of Vater invaded by tumors may be
challenging. Comparing EUS-CDS and EUS-
HGS in patients with duodenal obstruction,
EUS-HGS might be preferred to EUS-CDS,
where EUS-CDS has more chances to occur
duodenobiliary reflux and food impaction as
sump syndrome because of the accompanying
duodenal obstruction [55].

Fig. 8.4 EUS-guided choledochoduodenostomy

Fig. 8.5 EUS-guided hepaticogastrostomy
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Palliative Local Ablation Therapy
for Malignant Biliary Tract Cancers

Complete radical resection is the only way to
achieve potential cure in malignant biliary tract
cancers. However, patients with malignant biliary
tract cancers usually present at an advanced
stage, with more than 50% being unresectable at
the initial diagnosis [56]. Therefore, the two
alternative treatment modalities, photodynamic
therapy (PDT) and radiofrequency ablation
(RFA), have been developed to improve survival
or stent patency in malignant biliary obstruction.

Photodynamic Therapy (PDT)

Basics of PDT

Cholangiocarcinoma is characterized by a rela-
tively slow growth rate and a low propensity for
metastasis than other tumors [56]. Hematogenous
spread of cholangiocarcinoma is rare; therefore,
a local ablative therapy may play an important
role. Painless jaundice by biliary obstruction is
usually accompanied in these patients, and suc-
cessful palliation of biliary obstruction remains
the main goal for reducing morbidity and mor-
tality in patients with unresectable cholangiocar-
cinoma [57].

PDT is based on the relatively specific accu-
mulation of photosensitizers in malignant cells.
After intravenous administration of a photosen-
sitizing agent, it is activated by irradiating light
of a specific wavelength to cause ischemic
necrosis proportional to tissue oxygenation
[57]. The mechanisms of tissue necrosis by PDT
are as follows: (1) direct cytotoxic effects on
tumor cells, (2) ischemic necrosis due to the
sensitivity of tumor microvessels to PDT, and
(3) induction of inflammatory reaction that
leads to the development of systemic immunity

[58]. Photoradiation is usually performed by
ERCP (Fig. 8.6) and sometimes by percutane-
ous approach. The laser fiber for photoactiva-
tion is a 3 m length having a 3—4 cm cylindrical
diffuse with radiopaque markers on both sides
of the diffuser. After advancing a catheter across
the biliary stricture, the cylindrical diffuser is
inserted into a catheter at the level of the malig-
nant stricture to be treated. The catheter has a
transparent shaft to allow a light delivery from
laser fiber inside the catheter while preventing
the loaded laser fiber from breaking. When the
length of the tumor exceeds the maximal diffuse
length, overlap of treated fields was avoided by
a stepwise pullback of the fiber under fluoro-
scopic guidance. Because the laser fiber is stiff
and vulnerable, care should be taken not to be
broken during the procedure. After PDT, usually
plastic biliary stents are placed across the treated
site. PDT imparts prolonged photosensitivity
and requires patients to avoid sunlight for at
least 4 weeks. The PDT is recommended to be
repeated every 3 months because mean thick-
ness of the tumor increases at 4 months after
PDT [59].

Indication of PDT

PDT with biliary stenting has been used for pal-
liative local treatment for unresectable biliary
cancers. Cholangiocarcinoma can be classified
into three categories according to the macro-
scopic growth pattern: periductal infiltrating
type, mass-forming type, and intraductal growth
type [60]. The tumoricidal effect of PDT is lim-
ited to the superficial 4-4.5 mm depth of the
tumor wall; therefore, mass-forming type and
large intraductal papillary growing type may be
less effective in PDT. Because the depth of energy
transfer through the PDT is limited, the effect of
PDT may be achieved through temporary
improvement of cholestasis by recanalization of
the bile duct wall rather than complete tumor
ablation [61]. Therefore, the appropriate indica-
tion of PDT may be (1) periductal infiltrating
type without hematogenous metastasis regardless
of nodal metastasis, (2) superficial intraductal
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Fig. 8.6 Photodynamtic therapy in hilar cholangiocarcinoma. The radiopaque markers are located at the stricture site
(black arrowheads) under fluoroscopic guidance with ERCP, and light is emitted from the laser fiber

growth type, and (3) R1 resection margin after
surgery [56]. Contraindications to PDT include
porphyria, recent use of photosensitizing agents,
severe cytopenia, and presence of severe hepatic
or renal dysfunction [62].

Clinical Outcomes of PDT

To date, clinical trials of PDT in biliary tract can-
cer are lacking because these cancers are rare dis-
eases and have heterogeneous biological
behaviors according to the location of the tumors.
In most controlled and uncontrolled clinical stud-
ies, the PDT not only delays bile duct obstruction
but also improves survival [57, 63-65]. Most
clinical studies about PDT were aimed at delaying
bile duct obstruction rather than reducing the
tumor. PDT with biliary stenting was superior to
stenting alone in patients with unresectable hilar
cholangiocarcinoma, regarding the improvement
of cholestasis and overall survival in the past two
prospective randomized studies [66, 67].
However, recent prospective comparative study
between PDT plus stenting and stenting alone in
patients with locally advanced or metastatic bili-
ary tract cancer showed that PDT plus stenting
was associated with worse clinical outcome than

stenting alone. Overall survival (6.2 vs.
9.8 months, HR 1.56, 95% CI 1.00-2.43,
p = 0.048) and progression-free survival (3.4 vs.
4.3 months, HR 143, 95% CI 0.93-2.18,
p = 0.10) were worse in patients receiving PDT
compared with stent alone. However, more
patients received subsequent palliative chemo-
therapy in stenting alone group than in PDT plus
stenting group in this study (52% vs. 28%), and it
may affect the worse outcome of PDT [68].
Recent prospectively randomized controlled
study reported that PDT showed increase sur-
vival in patients with malignant biliary obstruc-
tion with the combination of systemic
chemotherapeutic agents. In this study, the PDT
plus S-1 showed promising efficacy in terms of
1-year survival rate (76% vs. 32%, p = 0.003),
overall survival (median 17 months [95% CI:
12.6-21.4] vs. 8 months [95% CI. 6-10],
p = 0.005), and progression-free survival
(median 10 months [95% CI. 4.1-16] vs.
2 months [95% CI: 0.4-3.5], p = 0.009) com-
pared with the PDT alone [69]. Another retro-
spective study comparing PDT with systemic
chemotherapy to PDT alone in patients with
advanced hilar cholangiocarcinoma also reported
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that the median survival was longer in PDT with
systemic chemotherapy group than in PDT alone
group (538 days [95% CI 475-601] vs. 334 days
[95% C1253-416], p = 0.05) [70]. Further larger
multicenter clinical trial comparing PDT plus
systemic chemotherapy with systemic chemo-
therapy alone may be warranted.

Regarding the clinical factors associated with
better outcome of PDT, higher serum albumin
and lower initial bilirubin level, earlier PDT after
initial diagnosis, and multiple sessions of PDT
were associated with a better overall survival
[56]. The main adverse event of PDT is cholangi-
tis which results from the necrosis associated
with PDT. Therefore, administration of prophy-
lactic antibiotics is recommended before PDT
[71]. Another main adverse event is cutaneous
photosensitivity which occurs in approximately
30% of photosensitizer recipients with 5-7%
severe sunburn, and avoidance of exposure to
sunlight is most important for prevention [62].
Serious phototoxicity may need oral corticoste-
roid treatment [71].

Radiofrequency Ablation (RFA)

Basics of RFA

RFA has been used for the ablation of small hepa-
tocellular carcinoma and endoscopic treatment of
Barrett esophagus or early esophageal cancer
[72, 73]. RFA was recently adopted for the endo-
scopic palliation therapy for malignant biliary
obstruction with the development of endobiliary
RFA devices.

RFA is physically based on radiofrequency
current and a high-frequency alternating current
which causes vibration of local ions, thereby pro-
ducing controlled frictional heat to destroy the
target tissue. It is transmitted between an active
electrode and a reference electrode, establishing
lines of electrical field that generates ionic oscil-
lation, which produces thermal heat around the
tip of the electrode. Consequently, the endobili-
ary RFA delivers high quantity of thermal energy
into the target tissue, which may induce coagula-
tion necrosis and prolong the duration of stent
patency [74]. The delivery of energy is directly
proportional to the amplitude of oscillation, and

the amount of coagulation necrosis will be depen-
dent on the temperature and time. However, there
is no consensus on the optimal frequency and
interval of endobiliary RFA therapy [75]. To
deliver thermal energy into the target tissue,
selective bile duct cannulation with ERCP and
the placement of RFA probe in the stricture site
have to be preceded. Sometimes the RFA catheter
can be inserted through percutaneous access.

One of the drawbacks of RFA is the “heat-sink
effect” that may proceed in treating lesions
adjacent to large vasculature. The inflow of cold
blood at body temperature may interfere the heat-
ing of the tumor closest to the vessels [76].

Two kinds of endobiliary RFA probe have
been introduced: Habib EndoHPB (Emcision,
UK) and ELRA (Taewoong Medical, Korea).
Habib EndoHPB consists of an 8 Fr catheter
with a 180 cm working length that can be
deployed through endoscope working channel
of at least 3.2 mm in diameter. It can be used
with a range of commonly available generators
such as RITA 1500X RF generator
(Angiodynamics, NY) or ERBE electrosurgical
generators (Surgical Technology Group, UK)
[77]. ELRA consists of a 7 Fr catheter with an
18 mm length of probe, and it has multiple bipo-
lar electrodes which provide linear ablation, and
therefore there is no need for ground pads. The
VIVA (Taewoong Medical, Korea) combo gen-
erator is versatile, and the setting includes power
(range 0-200 W), temperature (range
5 °C-95 °C), and time (range 10-600 s). Unlike
EndoHPB, ELRA probe can control the tem-
perature, which may result in potentially safe
ablation, causing least damage to blood vessels
and prevents tissue charring [78]. For this issue,
further comparative study for these two probes
may be required.

Indication of RFA

Most patients with cholangiocarcinoma have
unresectable disease and require palliation of
cholestasis with biliary stenting. RFA has been
used before the placement of biliary stents or as a
treatment of metal stent occlusion [71].
Theoretically, RFA might destroy the tumor tis-
sue and improve malignant stricture, therefore,
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preventing stent ingrowth or overgrowth and
extend stent patency. However, a concern remains
about RFA for occluded metal stent that RFA
energy may result in damage to the metal stent
itself which might affect stent function, proper-
ties such as removability, and patency afterward
[79]. Because of the friability of endobiliary RFA
device and potential risk of thermal injury to
nearby tissue, distal bile duct lesion may be pre-
ferred than hilar lesion for RFA.

Clinical Outcomes of RFA

Clinical evidence about RFA for the treatment of
malignant biliary obstruction remains limited;
however, RFA was effective in achieving local
tumor control and prolongation of stent patency.
First, feasibility study of endobiliary RFA was
reported in 2011 [80]. Other clinical studies have
shown the feasibility and safety of RFA with the
improvement of stricture diameter or improved
survival after RFA [78, 81-85]. Recently, first
randomized comparative clinical trial was
reported and showed that RFA with plastic stent-
ing leads to longer survival than plastic stenting
alone in patients with unresectable extrahepatic
cholangiocarcinoma (mean 13.2 = 0.6 vs.
8.3 £ 0.5 months, p <0.001) [75]. The mean stent
patency period was also significantly longer in
RFA with plastic stenting group than in plastic
stenting alone group (6.8 vs. 3.4 months,
p =0.02) [75].

Antibiotic prophylaxis is recommended to
prevent post-procedural cholangitis and cholan-
giosepsis [86]. The incidence of adverse events-
related RFA ranges from 5.6% to 27.1%, and
additional RFA might not increase the post-
procedural morbidity than conventional ERCP
and stent placement. Most adverse events of RFA
are known to be associated with ERCP and bili-
ary stenting except few complications that are
solely related to RFA [77]. Rare adverse events of
RFA include hemobilia, cholecystitis, gallblad-
der empyema, and pancreatitis [71]. Given the
potential risk of thermal injury to adjacent struc-
tures during RFA, accurate pre-interventional
imaging assessment of the tumor surroundings is
mandatory, especially for proximal biliary stric-
tures [81]. There was one case of liver infarction

caused by thermal injury of a segmental liver
artery [77]. In addition, two cases of bile duct
perforation after percutaneous RFA for malig-
nant biliary obstruction have been reported [87].

Because RFA acts only on local tumors, this
treatment alone may not achieve complete tumor
destruction [75]. Therefore, the combination with
systemic chemotherapy would be beneficial, and
further prospective randomized clinical trials are
mandatory to clarify the efficacy and safety of the
combination of RFA and systemic chemotherapy
in treating malignant biliary obstruction.
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Differentiation of Indeterminate
Biliary Stricture

Hong Jin Yoon, Sung Ill Jang, and Dong Ki Lee

Introduction

Biliary strictures can be caused by benign and
malignant diseases, each of which requires a dif-
ferent treatment approach. The causes of most
biliary strictures are malignant (70-80%), but
20-30% are benign. Although differential diag-
nosis of biliary strictures is difficult, accurate
early diagnosis of malignant tumors is important
because it influences the likelihood of resection
and the overall outcome. If early malignancy is
diagnosed correctly, then timely surgery can be
performed, and/or the appropriate chemotherapy
regimen can be selected. Conversely, exclusion
of malignant causes can reduce the frequency of
unnecessary surgery. Diagnosis of the causes of
indeterminate biliary stricture requires multiple
approaches, as many are malignant [1].

Biliary cancer is the most common malig-
nancy in the biliary system and accounts for
about 3% of those in the gastrointestinal tract [2].
Biliary cancer is usually diagnosed at an advanced
stage when the prognosis is poor. The incidence
and mortality of biliary cancer are increasing
worldwide [3, 4]. Biliary cancer is classified as
intrahepatic or extrahepatic, and cancer of the
bile duct is categorized as mass-forming, biliary
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invasion, or intra-biliary (Fig. 9.1). Patients diag-
nosed early who undergo surgical resection have
an excellent 5-year survival rate [5]. Abdominal
ultrasound (US), computed tomography (CT),
and magnetic resonance imaging (MRI) are
effective for diagnosing bile-duct enlargement,
but their ability to assess the cause of biliary
obstruction is limited in the absence of a mass. In
fact, despite clinical, endoscopic, and hemato-
logical tests, it is often difficult to differentiate
biliary obstruction of benign and malignant
causes [6-8].

About 13-24% of patients with suspected
hilar cholangiocarcinoma were in fact shown to
have had a benign condition after surgery [6, 7].
Therefore, accurate preoperative diagnosis is
important to avoid unnecessary surgery. Patients
suspected of having cholangiocarcinoma should
be confirmed pathologically before attempting
radical curative resection. Although surgical
resection of distal cholangiocarcinoma requires
pancreaticoduodenectomy (Whipple resection),
partial hepatectomy is often used to treat perihi-
lar tumors [9], but has a morbidity rate of 37-64%
and a mortality rate of 8-10% [10, 11].
Discriminating benign strictures from malignan-
cies is particularly difficult in patients with pri-
mary sclerosing cholangitis (PSC), and caution is
required in such cases because it affects the deci-
sion to perform transplantation.
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Fig. 9.1 Morphologic classification of intrahepatic and
extrahepatic cholangiocarcinoma. Tubule represents the

Definition

The definition of indeterminate biliary stricture
varies from study to study. We define some cases
of clinically indeterminate malignancies based
on the patient’s history and imaging findings
prior to tissue sampling. Most cases are diag-
nosed as stricture when a previous endoscopic
retrograde  cholangiopancreatogram (ERCP)
using brushing cytology or intraductal biopsy did
not provide a diagnosis despite strong clinical
suspicion of malignancy [12].

Indeterminate biliary stricture is defined as the
absence of other causes (such as stone disease or
bile duct injury), at least one of which is detected
by an imaging modality, and the result of ERCP-
based sampling is negative [13].

Etiology

Bile-duct obstruction with jaundice should
always be considered possibly malignant unless a
benign cause has been established. Potential
causes of benign strictures include cholelithiasis,
Mirrizi’s syndrome, stricture after liver trans-
plantation or cholecystectomy, chronic pancreati-
tis, clonorchiasis, PSC, autoimmune pancreatitis,
autoimmune cholangitis, and ischemia after liver
transplantation (Table 9.1). A malignant biliary
stricture is most commonly caused by cancer of
the pancreas or bile duct, but can also be due to
hepatocellular carcinoma, invasion of the biliary
tract by pancreatic cancer, biliary obstruction by
gallbladder carcinoma, metastatic carcinoma, or
malignant lymph nodes. If the mass is unclear on
CT or MRI, it can often be identified by endo-
scopic ultrasound (EUS) [14, 15]. The possibility

eSS

Ry

bile duct. Drawings of mass-forming (a), periductal-
infiltrating (b), and intraductal growing (c¢) cholangiocar-
cinomas. (Adopted for reference [97])

of a malignant cause of obstruction of the hilar or
upper biliary tract must be considered [16].

Evaluation of Patients with Biliary
Strictures

Clinical approaches to indeterminate strictures
include medical history-taking and physical
examination. In patients with obstructive jaun-
dice, strictures of the bile duct should be regarded

Table 9.1 Biliary strictures: etiology

Benign biliary stricture | Malignant biliary stricture

Stones Bile duct cancer
(cholangiocarcinoma)
Bile duct stone Pancreatic cancer
Mirizzi’s syndrome Gallbladder cancer
Stenosis of sphincter | Ampulla of Vater
of Oddi malignancy

Inflammatory causes

Primary sclerosing
cholangitis

Hepatocellular carcinoma
Lymph node metastasis
(breast, colon, stomach,
lymphoma)

IgG4-associated
cholangitis
Recurrent pancreatitis

Radiation

Infection (recurrent
cholangitis)

Parasite
(clonorchiasis)
Surgical injury
Ischemia (post liver
transplantatoin)

Cholecystectomy,
liver transplantation

Gastric, duodenal,

pancreatic, and

hepatic surgery
Idiopathic
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as malignant if no benign cause is identified. The
importance of jaundice-free biliary stricture is
less certain.

Patients usually present with symptoms such
as jaundice, abdominal discomfort, and weight
loss, and biliary cancer may be suspected based
on the findings of abdominal US, EUS, abdomi-
nal CT, or MRI. There are several characteristic
differences between benign and malignant stric-
tures (Table 9.2), but these differences are not
always present. Therefore, histologic confirma-
tion by abdominal US-guided biopsy, abdominal
CT-guided biopsy, ERCP, percutaneous transhe-
patic biliary drainage (PTBD) biopsy, or brush-
ing cytology is needed before initiation of
treatment. A mass visible on abdominal US or
CT, which is usually a liver or metastatic mass,
can be biopsied using CT (Fig. 9.2a). If these
imaging features are absent or the mass cannot be
visualized, ERCP or PTBD may be used to per-
form biopsy and cytology examination
(Fig. 9.2b).

Table 9.2 Differences between benign and malignant
biliary strictures

Benign biliary | Malignant biliary
stricture stricture
Age Any age, Usually age
usually >50 years
younger
Loss of weight, Less common | Significant loss
appetite
Jaundice Deep jaundice | Deep jaundice
unusual usual
Features of More Less common
cholangitis common
Presence of lump | Not a feature | Favors
in abdomen malignancy
Radiology Smooth Eccentric,
MRCP/ERCP stricture, no irregular
mass stricture, abrupt
cutoff, presence
of mass
Cal9-9 Normal High
except in
cholangitis
Cholangioscopy | Smooth Tumor vessels
features mucosa, no present, nodules,
mass or tumor | mass
vessel
Cytology, biopsy | Not Suggestive
suggestive

Serum Biomarkers

In patients with biliary obstruction, liver function
can be tested by assaying the bilirubin level.
Patients with high jaundice scores are more likely
to have a malignancy than those with normal
scores [14].

There are no serum or bile markers specific
for bile-duct cancer. The biomarkers of biliary
tract malignancies used in the clinic are the serum
level of carbohydrate antigen (CA) 19-9 and car-
cinoembryonic antigen (CEA). The serum CA
19-9 level is elevated in benign diseases such as
cholestasis, cholangitis, cirrhosis, pneumonia,
and gastric cancer. The sensitivity and specificity
values of the serum CA 19-9 level diagnosis of
cholangiocarcinoma in patients with PSC are
79% and 98%, respectively, using a cutoff value
of 129 U/mL [17]. Sensitivity in patients without
PSC is 40-70%, and specificity is 50-80%; these
values vary according to the cutoff value used
[18-20]. The serum CEA level is elevated in
patients with cancer of the digestive system and
in those with lung, breast, ovarian, or thyroid
cancer [21]. An elevated serum CEA level in
patients with cholangiocarcinoma has a sensitiv-
ity of 33-68% and specificity of 79-95% [22,
23]. Other markers include the serum mucin
5 AC (MUASAC) and matrix metalloproteinase
(MMP)-7 levels. The serum MUASAC level in
epithelial cancer showed high level in bile duct
cancer. A cutoff value of 14 ng/mL was associ-
ated with lymph node metastasis [24]. The sensi-
tivity and specificity values of the serum MMP-7
level are 53-76% and 47-92%, respectively,
varying depending on the cutoff value used [25].
The clinical utility of the other biomarkers
reported requires further study [26].

Radiological Examinations

Abdominal US is typically used in patients with
suspected biliary diseases. It is easy to perform
and does not involve exposure to radioactivity,
but is highly dependent on the skill of the exam-
iner. Abdominal US also shows the rapid expan-
sion and closure of the intrahepatic bile duct in
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Fig. 9.2 Cholangiocellular adenocarcinoma by computed
tomography (CT). (a) CT scan showing an irregularly
shaped mass (mass-forming intrahepatic cholangiocarci-

patients with biliary stricture. However, the
peripheral portion of the common bile duct
(CBD) cannot be adequately evaluated due to
interference by intestinal gas [27]; also, its diag-
nostic yield for biliary ductal mass is very low
[28]. Abdominal CT is helpful in planning diag-
nostic evaluation and treatment [29]. Abdominal
CT has higher sensitivity for diagnosis of bile
duct masses compared to US and is particularly
useful for hepatic lesions [30]. The sensitivity of
CT is 75-80%, and the specificity is 60-80%.
However, it is less sensitive for diagnosing cancer
at an early stage [31, 32]. Another disadvantage
of CT is that its sensitivity for detecting local
lymph nodes is only 54% and it tends to underes-
timate the extent of proximal tumors [33, 34].
Multi-detector helical scanners and rapid injec-
tion of contrast agents enable accurate determi-
nation of the need for surgical excision by
assessing the tumor extent, local lymphadenopa-
thy, and vascular involvement.

Magnetic resonance cholangiopancreatogra-
phy (MRCP) is an accurate and noninvasive
method for the detection of biliary obstruction
[35]. MRCP provides a high-resolution image of
the entire bile duct without injection of contrast
medium directly into the bile duct (Fig. 9.3).
However, the specificity and positive predictive
value are low, because it is not possible to distin-
guish benign and malignant strictures [36]. The
accuracy of MRCP for assessing vascular inva-
sion and hepatic parenchymal involvement is
67-73% and 78-80%, respectively [37], and its

nomay). (b) CT scan showing asymmetric thickening of the
bile-duct wall and an intraluminal mass representing intra-
ductal-growing extrahepatic cholangiocarcinoma

sensitivity and specificity values for distinguish-
ing benign strictures from malignancies are 90%
and 65%, respectively; its diagnostic accuracy is
similar to that of ERCP [29, 38]. The accuracy of
MRCP for predicting involvement of the bile
duct in cholangiocarcinoma is 88-96% [39]. A
long (>10 mm), asymmetrical, irregular bile duct
on MRCP is suggestive of malignancy; however,
these features are not particularly sensitive or
specific [40]. Therefore, unless the lesion in the
biliary tract is located by abdominal imaging, an
endoscopic examination should be performed to
determine the cause of a bile duct stricture.

Endoscopic Examinations

ERCP

ERCP enables confirmation of the presence,
location, and extent of a biliary stricture and col-
lection of tissue. Brushing through ERCP is the
first-line approach for sampling the biliary stric-
ture (Fig. 9.4a, b) because it is widely available
and technically easy. The specificity of ERCP for
diagnosis of malignancy in the bile duct based on
examination of sampled tissue is 95%, but the
sensitivity is low [41].

The sensitivity of conventional biliary brush-
ing cytology is 27-56% [42, 43]. The sensitivity
of biliary brushing cytology is low for bile-duct
cancer of a pluricellular nature with submucosal
tumor growth or extrinsic malignancy. The results
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Fig.9.3 Biliary strictures by magnetic resonance cholan-
giopancreatography (MRCP). (a) Segmental compression
of the common bile duct (CBD) by a mass in the head of
the pancreas. (b) MRCP image showing a high-level stric-
ture and dilatation of the intrahepatic duct caused by intra-

hepatic cholangiocarcinoma. (¢) MRCP image showing
dilatation of the intrahepatic and extrahepatic duct caused
by cholangiocarcinoma in the distal CBD. (d) MRCP
image of a dilated intrahepatic duct and CBD stricture due
to pancreatitis

Fig.9.4 ERCP for determining the cause of biliary strictures. (a) ERCP biliary brush cytology of a biliary stricture. (b)
Brush cytology (endoscopic view). (¢) Fluoroscopic image obtained during endobiliary forceps biopsy
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of cytology for biliary cancer are not satisfactory
because of the desmoplastic reaction [44, 45]. A
variety of techniques have been used to improve
the sensitivity of conventional brush cytology,
such as use of a new brush, brushing after biliary
stricture extension, and repeated brushing [46,
47]. Several strategies, including endoscopic nee-
dle aspiration, immunohistochemical testing, and
mutational analysis, have been used to improve
the sensitivity [48, 49]. Inadequate biliary cytol-
ogy specimens are a major cause of nondiagnos-
tic samples; this scenario can be overcome by
having pathologists on-site. Real-time evaluation
of the cytology sample is possible and reduces
the likelihood of improper sampling and sample
preparation. Other methods of overcoming inap-
propriate sampling include cutting the entire
brush and having the endoscopy team make and
place slides in fixation solution before submitting
them to the pathology department.

Endoscopic forceps biopsy by ERCP is rou-
tinely performed to sample strictures of the bile
duct (Fig. 9.4c). Generally, forceps biopsy has a
higher yield than brush cytology but similar sen-
sitivity (36-65%). When using endobiliary for-
ceps, the detection rate is 44-89% for
cholangiocarcinoma and 33-71% for pancreatic
cancer [50-52]. However, endobiliary biopsy is
technically challenging, particularly in stenosis
of the proximal bile duct, and may lead to com-
plications such as bleeding and biliary perfora-
tion [50, 53].

The combination of biopsy and brushing
cytology slightly increases the diagnostic yield to
54-74% compared with either test alone.
Repeated testing may increase the diagnostic
yield, depending on the location, length, and
morphology of the stricture [45, 47].

EUS

EUS is an important method of evaluating inde-
terminate biliary strictures and enables mor-
phological classification of cholangiocarcinoma
(Fig. 9.5). EUS enables visualization of the
extrahepatic bile ducts, hilar masses, gallblad-

der and peri-hilar lymph nodes, and blood ves-
sels. EUS also facilitates real-time confirmation
of the digestive tract, surrounding organs, and
EUS guided fine-needle aspiration (FNA). The
characteristic features of benign strictures on
EUS are smooth and concentric narrowing
without a significant mass (Fig. 9.6). Several
EUS findings can distinguish benign from
malignant strictures; however, the accuracy dif-
fers markedly depending on the physician. The
sensitivity of EUS for diagnosis of pancreatic
cancer was 85% and the specificity approached
100% [54]. The role of EUS for diagnosing
indeterminate biliary strictures is unclear. The
sensitivity for diagnosis of malignancy
increased to 86% when the mass was confirmed
by EUS [55]. The sensitivity of diagnosis using
EUS-FNA was 59% for proximal cholangiocar-
cinoma and 81% for distal cholangiocarcinoma.
This scenario is because proximal lesions are
located somewhat farther from the distal end of
the endoscope, which hampers collection of tis-
sue, whereas distal lesions are visible by EUS
[5, 56]. EUS-FNA is thus not recommended in
patients being prepared for liver transplantation
because of the potential for tumor seeding [57,
58]. A mass in the bile duct typically appears as
a hypoechoic lesion on EUS. However, in the
absence of a prominent mass, it may be difficult
to differentiate between benign and infiltration-
type malignant strictures. The relationships of
liver parenchyma, the portal vein system, and
hepatic artery masses should be carefully exam-
ined to assess the feasibility of tumor removal.
EUS can also provide information important
for assessing the likelihood of successful resec-
tion of cholangiocarcinoma. EUS staging of
cancer of the bile duct is based on the tumor,
node, and metastasis staging system. Several
studies have evaluated the utility of EUS to
determine preoperative staging of tumors in the
extrahepatic bile duct (Table 9.3) [59-61]. EUS
had higher accuracy (88—100%) for predicting
portal involvement than US, CT, and angiogra-
phy (Fig. 9.7a, b) [59-61]. Finally, EUS-FNA
can be used to evaluate suspicious local lymph
nodes [62].
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Fig. 9.5 Endoscopic ultrasound (EUS) findings of chol-
angiocarcinoma according to the morphological classifi-
cation. EUS demonstrating a hypoechoic mass in the bile
duct suggestive of cholangiocarcinoma. (a) Mass-forming

Fig. 9.6 Benign biliary
strictures by EUS. Note
the smooth, concentric
narrowing. (a) Distal
CBD stricture secondary
to autoimmune
pancreatitis (red arrow).
(b) Distal CBD stricture
of unknown origin (red
arrow)

hypoechoic mass at the intrapancreatic portion shown by
EUS (red arrow). (b) Periductal infiltrating, CBD wall
thickening, irregular mass found by EUS (red arrow). (c)
Intraductal growing, hypoechoic mass (red arrow)

Table 9.3 Reports on the role of preoperative EUS morphology in staging of cholangiocarcinoma

Publication | No. Accuracy of tumor | Accuracy of node Accuracy of predicting portal
First author | year patients | staging (%) staging (%) vein invasion (%)
Mukai [59] | 1992 16 81 81 88
Tio [60] 1993 46 66 64 Not reported
Sugiyama 1997 19 Not reported Not reported 100
[61]
Cholangioscopy used for this examination, known as SpyGlass

Choledochal examinations are classified into per
oral cholangioscopy (POCS) and percutaneous
transhepatic cholangioscopy (PTCS).
Cholangioscopy allows direct endoscopic obser-
vation of the biliary stricture and biopsy as
needed. PTCS enables visualization of the inside
of the bile duct but requires repeated extension of
the tract and puncture of the abdominal wall. The
recently introduced single cholangioscopic
examination enables tissue biopsy directly in the
field of vision, which can overcome the low diag-
nostic yield of brushing cytology [63]. The device

(Boston Scientific, Natick, MA), is a small
(10 Fr) endoscope that can be inserted into the
bile duct through the working channel, allowing
direct observation inside the bile duct and histo-
logical examination of the lesion. Directed biopsy
can be achieved using biopsy forceps. The overall
sensitivity, specificity, positive predictive value,
and negative predictive value of POCS for malig-
nant and benign biliary strictures were 78%,
82%, 80%, and 80%, respectively. In compari-
son, the sensitivity and specificity of ERCP alone
were 51% and 54%, respectively [64]. The sensi-
tivity of POCS was 84% for malignant tumors of
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the endoluminal bile ducts and 66% for noninva-
sive malignant tumors. The incidence of serious
adverse events related to diagnostic POCS was
7.5%. The sensitivity of visual inspection using
POCS was 95%, and the specificity was 79%, in
36 patients with indeterminate biliary strictures.
The sensitivity and specificity values of cholan-
gioscopic biopsy were both 82% [65]. These
results suggest the utility of POCS in patients
with indeterminate biliary strictures. Gaining a
visual impression of malignant tumors is an
essential part of cholangioscopy. The presence of
abnormal tumor vessels due to neovasculariza-
tion in biliary strictures suggests biliary malig-
nancy. These irregular, swollen blood vessels are
caused by angiogenesis of the stenotic region due
to tumor growth. Their presence is 100% specific
for malignancy [66]. However, interobserver
variability and reproducibility with respect to
such observations are unknown. Intraductal nod-
ules and masses can be seen during cholangios-
copy and are indicative of malignancy [67]. There
is good agreement between the detection of these
features by biliary endoscopy and the histopatho-
logic results, but they are present in only a subset
of patients with cholangiocarcinoma. Endoscopic
sphincterotomy of narrow strictures by POCS is
not possible because the scope cannot enter the
upper portion of the bile duct. Finally, disposable
equipment has the disadvantage of high cost.

Intraductal US

Intraductal ultrasound (IDUS) involves a small,
high-frequency ultrasonic probe that provides
high-resolution images of the ductal and periduc-
tal tissue (Fig. 9.8). Its sensitivity and specificity
values were 80% and 90%, respectively, for
assessing biliary strictures without visible masses
[68, 69]. IDUS with ERCP has a higher diagnos-
tic yield for biliary strictures than ERCP or
MRCP alone [70]. The IDUS features suggestive
of malignant tumors include eccentric wall thick-
ening with an irregular surface, hypoechoic mass,
heterogenicity of the internal echo pattern, papil-
lary surface, destruction of the normal three-layer
structure of the bile duct by US, presence of

lymph nodes, and vascular invasion [71]. EUS is
preferred when the biliary stent is inserted first,
but IDUS is more effective than EUS prior to bili-
ary stenting and for hepatic strictures [56]. The
disadvantage of IDUS is that the scan range of
the mini-probe is only about 25-30 mm, which
limits evaluation of metastasis to the surrounding
lymph nodes; also, the transducer is expensive
and easily damaged.

Chromoendoscopy,
Autofluorescence, and Narrow-Band
Imaging

Several techniques have been used during cholan-
gioscopy to characterize biliary strictures. In
chromoendoscopy, stains are applied to the muco-
sal surface; for example, methylene blue enables
normal mucosa to be distinguished from malig-
nant lesions and ischemic strictures. Narrow-band
imaging of the biliary tract enhances the vascular
pattern on the mucosal surface, enabling evalua-
tion of the extent of the tumor. Bile ductography
with autofluorescence had poor specificity and a
high positivity rate [72].

Confocal Laser Endomicroscopy

Probe-based confocal laser endomicroscopy
(pCLE) generates an optical biopsy in an instan-
taneous and minimally invasive manner. This
technique is associated with standard histology
and enables discrimination of malignant tumors,
inflammation, and normal mucosa. In a recent
multicenter study, CLE showed significantly
greater accuracy for diagnosing biliary strictures
than standard ERCP (90% vs. 73%) [73]. In the
Miami classification of the pCLE findings of
biliary strictures, a thick white band (>20 pm),
thick black band (>40 pm), dark lump, epithelial
structure, and contrast leakage distinguished
biliary strictures with malignant and benign
causes (Table 9.4) [74, 75].

The recently proposed Paris classification is
based on vascular congestion, dark lines,
increased interglandular space, and thickened
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Fig. 9.7 EUS revealing
a mass in the middle of
the CBD. (a) The mass
abuts the portal vein. (b)
Verification of the portal
vein on a Doppler view

Fig. 9.8 Intraductal ultrasound showing a mass in the
bile duct

reticular structures (Table 9.4) [74, 76, 77].
pCLE enabled visualization of 95% of the
tumors of 15 patients with PSC and definite
strictures, for a sensitivity of 100% and specific-
ity of 61% [78].

Development of Diagnostic
Methods

Fluorescence In Situ Hybridization

Fluorescence in situ hybridization (FISH) is a
cytogenetic technique that uses fluorescent DNA
probes to detect chromosomal polysomy under
fluorescence microscopy. Cholangiocarcinoma is
usually accompanied by chromosomal abnormal-
ities. The sensitivity and specificity values of
FISH for diagnosis of malignant disease in the

Table 9.4 The Miami and Paris classifications of biliary
strictures by probe-based confocal endomicroscopy
[74-77]

Type of stricture | Miami Paris
Benign Thin, dark- Thin, dark-
branching bands | branching bands
(<20 pm) (<20 pm)
Thin white bands | Thin white
bands
Light grey Light gray
background background
Vessels <20 pm | Vessels <20 pm
Inflammatory Vascular
stricture congestion
Thickened
reticular
structure
Increased
inter-glandular
space
Multiple white
bands
Dark granular
pattern
Malignant Thick, dark Thick, dark
stricture bands (>40 pm) | bands (>40 pm)
Thick, white Thick, white
bands (>20 pm) | bands (>20 pm)
Villi, glands Villi, glands
Fluorescein leak | Fluorescein leak
Dark clumps Dark clumps

bile duct are 84% and 97%, respectively [79].
FISH may be easier to interpret and more objec-
tive than conventional cytology. FISH is particu-
larly useful for the diagnosis of indeterminate
biliary strictures because it can detect chromo-
somal anomalies in fewer cells than conventional
cytology [53].

However, in patients with PSC, the abovemen-
tioned chromosomal abnormalities can be pres-
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ent in the absence of malignant tumors. In a
recent meta-analysis of patients with PSC, FISH
had a sensitivity of 68% and specificity of 70%
for detecting cancer of the bile duct [80]. FISH
increases the sensitivity of brush cytology for
indeterminate biliary strictures and so may be
useful in groups of patients with high prevalence
of malignant biliary strictures.

Immunostaining Methods

p53, Claudin-18, and Maspin

pS53 is a tumor suppressor gene, and its product
plays a role in DNA repair and apoptosis. P53
alterations are among the most frequent genetic
alterations seen in human malignancies, includ-
ing in neoplasms causing bile-duct strictures
[81]. Immunofluorescence staining for P53 in a
brushing cytology sample was attempted in
1999; the sensitivity was 43% but has been
reported by others to be lower than that of con-
ventional hematoxylin and eosin staining [82].
In a recent study, the sensitivity and specificity
values of immunofluorescence staining for P53
were 85% and 100%, respectively. However,
p53 was not detected in 28.9% of biliary cancer
cells, due to insufficient cell count or cell defor-
mation [83].

Claudin-18 is detected in gastrointestinal and
lung tissues and is overexpressed in adenocarci-
nomas of the pancreas or the bile duct. Mammary
serine protease inhibitor, also known as maspin,
is a member of the serine protease inhibitor sup-
pressor family and is a tumor suppressor in
mammary carcinoma. Moreover, maspin is
overexpressed in carcinomas of the pancreas
and bile duct. Immunofluorescence staining for
claudin-18, maspin, and p53 had sensitivity and
specificity values of 100% and 94.7%, respec-
tively [84, 85]. However, these values were
obtained using tissue obtained during surgery or
by biopsy. Immunofluorescence staining for
claudin-18 and maspin had a sensitivity of 97%
[85] and that for maspin and p53 had a positive
predictive value of 88% [86]. However, maspin
is not specific for biliary cancer, and its findings

can differ from clinical results. Efforts to iden-
tify immunological markers specific for biliary
cancer continue.

Methionyl-tRNA Synthetase
Aminoacyl-tRNA synthetases (ARSs) catalyze
the coupling of amino acids to their cognate
transfer RNAs (tRNAs) [87]. Aminoacyl-tRNA
synthetases (ARSs) catalyze the coupling of
amino acids to their cognate transfer RNAs
(tRNAs) [88]. Because MRS plays an important
role in the growth of tumors, it is expected to be
highly expressed in cancer of the bile duct;
indeed, its utility for differential diagnosis of
biliary cancer is currently under investigation.
MRS is reportedly overexpressed in malignant
fibrous histiocytoma, sarcoma, malignant gli-
oma, glioblastoma, and non-small cell lung can-
cer, in which it is associated with a poor
prognosis [88-92]. The MRS immunostaining
signal intensity is higher in malignant biliary
strictures than in the normal bile duct (Fig. 9.9).
The sensitivity, specificity, positive predictive
value, and accuracy of MRS immunostaining for
malignant biliary stricture were 98.1%, 96.1%,
98.1%, and 97.5%, respectively, suggesting
superior diagnostic performance to conventional
cytology (unpublished data). Further studies of
these novel diagnostic methods are needed, and
their association with the prognosis should be
confirmed.

Real-Time Reverse Transcription
Polymerase Chain Reaction Assays

The mRNAs of human aspartyl beta-hydroxy-
lase (HAAH) and homeobox (Hox) B7 are
molecular markers of cancer of the bile duct.
Reverse transcriptase-polymerase chain reaction
assays of these molecular markers in brushing
cytology specimens improved the sensitivity by
82% [93]. However, these are preliminary
results, and discrimination of benign strictures is
limited.

Msx2, a member of the Hox gene family, is
expressed in the premigratory cranial neural
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Fig. 9.9 Immunostaining for methionyl-tRNA synthetase
(MRS). (a) Conventional Papanicolaou staining of a brush-
ing cytology specimen from the distal CBD obtained dur-
ing ERCP reported as suspicious for malignancy. (b)
Conventional cytology specimen diagnosed as negative for

crest, tooth, and retina. Msx2 is frequently
expressed in carcinoma cells of epithelial ori-
gin but not in normal tissues. Msx2 is expressed
in pancreatic carcinoma cell lines and tissues
but not in benign cultured cells or normal
human pancreatic tissues. The sensitivity of
MSX2 mRNA for biliary cancer was 72.3%,
and the specificity was 58.3% [94]. The sensi-
tivity was improved, but the technique provides
additional information rather than a definitive
diagnosis.

Among the 13 genes expressed in carcinomas
of the bile duct, the degree of methylation of 4
(CDOI1, CNRIP1, SEPT9, VIM) was 45-77%
[95]. The sensitivity of a biomarker panel com-
prising these four genes was 85%, and the speci-
ficity was 98%, suggesting promise for detection
of cancer of the bile duct.

malignancy; final diagnosis, negative. (¢) Representative
positive immunostaining pattern of MRS in a CBD cancer
specimen. (d) Representative negative immunostaining
pattern of MRS in a benign biliary stricture specimen

Conclusion

Determining the causes of biliary strictures is prob-
lematic. Failure to properly diagnose malignant
biliary strictures may delay treatment or lead to
missed treatment opportunities. By contrast, if a
benign biliary stricture is mistaken for a malignant
biliary stricture, unnecessary surgery may be per-
formed. Therefore, accurate diagnosis of biliary
strictures is clinically important, and a multifaceted
approach should be applied. Several techniques
have good ability to determine the cause of biliary
strictures, albeit that they vary in sensitivity and
specificity (Table 9.5). The advantages and disad-
vantages of the various endoscopic, hematologic,
and imaging techniques have been established
(Table 9.6), but further study of novel diagnostic
methods, such as MRS immunostaining, is needed.
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Table 9.5 Sensitivity and specificity of diagnostic methods for malignant biliary strictures [96]

Sensitivity (%) Specificity (%)

ERCP/PTCS 41-77 53-100
Brushing cytology 21-71 83-100
Forceps biopsies 30-84 100

Peroral cholangioscopy/SpyGlass 50-100 87-100
Endoscopic ultrasound 52-94 84-100
FISH/flow cytometry 43-70 82-97

IDUS 83-88 83-92
Confocal laser endomicroscopy 83-98 33-88

Table 9.6 CT, MRCP, ERCP, and IDUS for the diagnosis of malignant biliary strictures

CT MRCP ERCP EUS (+FNA) | IDUS
Advantage Assess nodal and Assess the level Identifying the Cytological Evaluating
vascular and morphology of | biliary stricture, diagnosis biliary stricture
involvement, distant | strictures determine its without a mass
metastasis High-quality location and extent
cholangiogram Tissue sampling
without contrast
Disadvantage | Radiation Motion artifact Invasive Needle tract | Fragile
Contrast allergy Longer imaging tumor
process seeding
High cost
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Introduction

Benign pancreatic duct stricture (PDS) is a com-
mon pancreatic condition that results from a pre-
vious or existing injury to the main pancreatic
duct. The most common etiology for PDS
includes chronic pancreatitis, trauma, previous
pancreatic surgery, pancreatic pseudocyst, 1gG4
disease, and benign neoplasm (Table 10.1). It
may participate in the events of recurrent acute
pancreatitis, chronic abdominal pain, and local
pancreatic complication [1-4].

PDS can be classified into single or multiple and
dominant or nondominant. Dominant stricture has
been defined by upstream dilatation of the main pan-
creatic duct to 6 mm or more in diameter, occlusion
of contrast outflow alongside a 6-Fr size catheter
placed upstream from the stricture or provocation of
symptoms, mainly abdominal pain during continu-
ous infusion of 1 1 saline at the upstream area using
a nasopancreatic catheter for 12-24 h [5-8].

The first step when PDS is found is to identify
the nature of the stricture and to rule out underly-
ing malignancy. History and physical examination
could be a guide to the etiology, as well as a his-
tory of alcohol abuse and previous pancreatitis.
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All pancreatic strictures should be taken seri-
ously to rule out underlying malignancy. Younger
age <50, history of pancreatitis, absence of jaun-
dice, normal bile duct, strictures in the body or
tail of the pancreas, irregular duct and multiple
strictures, and presence of main pancreatic stones
may suggest benign process (Table 10.2) [4].

Workup

Roles of different modalities to characterize
benign PDS.

Computed Tomography (CT) Scan

This scan has an important role in evaluation of
PDS (Fig. 10.1), which is usually seen in dilation
in the pancreatic duct during the venous phase
after contrast injection. Underlying etiology could
be viewed as an obstructive lesion or with chronic
pancreatitis features such as atrophic pancreas,
ductal dilation, and calcification [8-10].

Magnetic Resonance Imaging (MRI)
Magnetic resonance cholangiopancreatography
(MRCP) is a form of MRI that uses T2-weighted

sequences to assess the fluid-filled structure
without the need for contrast (Fig. 10.2). It has
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Table 10.1 Benign pancreatic stricture etiology

Causes of benign pancreatic duct stricture

Chronic pancreatitis

Trauma

Previous pancreatic surgery

Pancreatic pseudocyst

1gG4 disease

Benign neoplasm

Table 10.2 Characteristics of benign versus pancreatic

duct stricture

Characteristics of benign and malignant pancreatic

stricture

Characteristics | Benign Malignant

Age <55 >55

History of yes No

pancreatitis

Duct Multiple Focal stricture

morphology stricture with with dilated duct
irregular duct upstream

Location Pancreatic body | Pancreatic head
or tail or neck

Pancreatic duct | Present Absent

stones

Pancreatic May be present | Absent

divisum

Bile duct Normal May be dilated

Jaundice Absent May be present

the ability to identify the ductal stricture in
70-92% of chronic pancreatitis. In addition to
PDS, it also provides invaluable details about the
underlying etiology such as intraductal stones,
neoplasm, and cysts [11-14].

Endoscopic Retrograde
Pancreatography (ERP)

ERP is the main modality to provide diagnostic
and  therapeutic  options to  evaluate
PDS. Fluoroscopic image and endoscopic view
of ERP can characterize pancreatic stricture
(Fig. 10.3) and underlying etiology such as pan-
creatic divisum, ampullary lesions, and chronic
pancreatitis.

Pancreatic duct stricture is seen as segmental
or focal. Segmental PDS is usually an alternation
between dilation and stenosis in fluoroscopy
which gives the appearance of a chain of lakes.

R
1

Fig. 10.1 CT showing dilated pancreatic duct with
benign pancreatic stricture with stone in patient with
chronic pancreatitis

Fig. 10.2 MRCP showing dilated pancreatic duct with
multiple stricture in chronic recurrent pancreatitis

Focal PDS is usually seen as the dilation of
upstream pancreatic duct with focal narrowing. A
pancreatic leak, main pancreatic duct stones (as a
filling defect) in addition to pancreatic stricture,
is favorable for benign pancreatic stricture in
chronic pancreatitis [15, 16].

Peroral Pancreatoscopy

POP is a direct way to evaluate pancreatic stric-
ture visually and obtain a biopsy. The physical
appearance of benign pancreatic stricture can be
better evaluated for scars, calcification, lesions,
and ductal erythema (Fig. 10.4) [17, 18].

Echoendosonography (EUS)

EUS is one of the best modalities to character-
ize PDS and identify underlying etiology. In
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Introduction

Treatment of a pancreatic stricture depends on
the underlying etiology and ongoing symptoms.
The first step when pancreatic stricture is found is
to rule out underlying malignancy. After this, any
therapeutic option depends on the patient’s symp-
toms and the presence of local complication. An
asymptomatic patient may not need an interven-
tion if malignant stricture has been excluded. The
management of benign pancreatic stricture
requires a multidisciplinary approach which
includes medical, endoscopic, and surgical
therapy [1-5].

Medical Therapy

Medical therapy provides the first line of modal-
ity which is mainly used in patients with chronic
pancreatitis to prevent further injury to the pan-
creas. These measures include alcohol and smok-
ing cessation, a low-fat diet, and small frequent
meals with pancreatic enzyme therapy if they
have exocrine dysfuntion [1, 2].
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Endoscopic Therapy

Over the last few decades, a huge advancement in
endoscopic technology has put endotherapy first
as the mainstay therapy in pancreatic stricture
due to its feasibility and safety with lower rates of
morbidity and mortality compared with surgery
[1, 4].

Endoscopic Retrograde
Pancreatography (ERP)

ERP has a major role in diagnosis and provides
therapy especially in the presence of chronic
recurrent pancreatitis with features of pancreatic
duct stricture with obstruction (Fig. 11.1). These
actions mainly include pancreatic sphincterot-
omy, dilation, and stenting in addition to using
diagnostic modalities such as brushing and pan-
creatoscopy with biopsy. The technical success
rate of ERP with pancreatic stenting in patients
with chronic pancreatitis ranges from 85% to
98% (Fig. 11.2).

Pancreatic sphincterotomy (PS) is an endo-
scopic therapy that has shown symptomatic relief
when the stricture of the duct is located at the
ampulla and is used as well prior to stent place-
ment. It can be done using a sphincterotome to
pull up at the direction of the pancreatic duct or
by using needle knife sphincterotomy. The suc-
cess rate is as high as 98% with minimal adverse
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events which can reaches up to 4%. The first
technique may have a higher risk for post-
sphincterotomy pancreatitis compared to needle
knife sphincterotomy (Fig. 11.3) [6-8].

Fig. 11.1 Pancreatogram showing a distal pancreatic
stricture with proximal dilation

Fig. 11.2 Pancreatogram after placement of two 7 Fr
pancreatic stents to treat a distal pancreatic stricture

1

Fig. 11.3 EUS-guided access of a dilated pancreatic duct
in an antegrade fashion

Biliary sphincterotomy is selective in the
management of pancreatic stricture and is con-
sidered in the presence of cholangitis, jaundice,
and a dilated bile duct of >12 mm with elevated
alkaline phosphatase more than twice of the
upper limit of normal (Fig. 11.4) [8].

Main pancreatic stenting for benign pancre-
atic stricture is considered to be a cornerstone in
the management. The success rate has been
reported between 70% and 94% after single stent
placement for pain relief. Stenting therapy is
ideal for the focal segment stricture in the head,
the genu, or the body. Pancreatic tail stricture
could be stented but is less likely to participate in
pancreatic duct hypertension (Fig. 11.5) [9, 10].

Prior to the stent placement, dilation is usually
performed using dilating catheter, a wire-guided
balloon dilator, or a Soechendra stent retriever as a
rescue option when the first two were not success-
ful. These dilators achieve dilation up to 4-6 mm
which is needed to place a large bore plastic pan-
creatic stent, 7-10 Fr. Following the stent place-
ment, attention should be placed on any local
complications that could occur with stent place-
ment such as pancreatitis, infection, migration,
stent occlusion, and perforation. Stent exchange is
required between 2 and 6 months, depending on
the recurrence of symptoms, to achieve resolution
of the stricture. The timeline for the resolution of
the stricture varies depending on the severity of
the stricture and that may be required 8§ to
15 months or longer after stenting. Upsizing the
stent should be evaluated at each session to
achieve a favorable outcome [9, 10].

h |

Fig. 11.4 EUS-guided placement of a 7 Fr double pigtail
in an antegrade fashion
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Fig. 11.5 Pancreatogram showing pancreatic stricture
following pancreaticojejunostomy

Plastic Pancreatic Stents

Plastic pancreatic stents are mainly polyethyl-
ene and come with a single pigtail tailored to
shape the pancreatic duct. They are usually good
for 2-3 months before occlusion depending on
the pancreatic condition. They have different
sizes ranging from 5 to 10 Fr; however, the
smaller diameter stent has been associated with
recurrence of symptoms compared with a larger
size (i.e., the 10 Fr). The choice of stent is highly
affected by the degree of the stricture, location,
and the diameter of the main pancreatic duct. In
general, ESGE has recommended placing a 10
Fr for dominant stricture with frequent exchange
for one year, regardless of the patient’s symp-
toms. The insertion of multiple pancreatic stents
side by side is a feasible option especially when
the stricture persists for more than one year.

The overall efficacy of pancreatic stent place-
ment for dominant strictures has a technical suc-
cess in 72%—-100% with resolution of pancreatic
pain in 75%-94% of cases. The long-term out-
comes have been reported as 52%-74%. The
results of these studies are summarized in
Table 11.1 [18, 19].

Table 11.1 Data on using plastic stents for benign pancreatic stricture

Patinet’s Technical Immidtae clinical | Long term clinical | Duration of the follow

Author number success (%) reponse (%) response up (months)
Cremer et al. 75 98.6 94 52 37

(1991) [11]

Rosch et al. 478 72 N/A 63 52

(2002) [12]

Vitale et al. 89 100 83 63 43

(2004) [13]

Fleftherladis et al. | 100 100 100 70 69

(2005) [14]

Cosamagna et al. 13 100 100 84 38

(2006) [15]

Weber et al. 17 89 89 83 24

(2007) [16]

Sauer et al. 163 NA NA 56 36

(2009) [17]
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The decision to terminate pancreatic stenting
can be considered when adequate contrast drain-
age from the pancreatic duct within 1-2 min fol-
lowing contrast injection at the upstream location
from the stricture. The passage of 6 Fr catheter
through the stricture with no resistance is another
indicator to terminate stenting. The relapse rate
following stents removal has been reported in up
to one third of the patients and management of the
relapse including restenting but should be dis-
cussed at the level of a multidisciplinary team
considering the underlying etiology, the patient’s
comorbidities, and preferences [13, 20-22].

The predictors for successful endostenting
therapy include alcohol and smoking cessation,
location of the PDS in the head, shorter duration
of symptoms with fewer attachments prior to
endoscopic therapy, and the clearance of pancre-
atic duct stones if present (Table 11.2).

Fully Covered Metal Stent

Temporary placement of FCSEMS has been
reported to be safe and achieved a resolution of
main pancreatic stricture in most of the patients.
The use of metal stents has been limited to refrac-
tory pancreatic stricture. Migration and de novo
stricture have been seen in 31% and 16%, respec-
tively [24, 25].

A recent study for the use of FCSEMS with
long-term follow up has shown feasibility with
resolution of the symptoms at 3 years follow-up
in up to 90% of the patients. However, migration,
despite the small number of patients, was up to
47% which was higher than previously reported.
The use of uncovered SEMSs has been limited
and is not recommended [1, 2].

Endosonography-Guided Access
and Drainage of the MPD

Despite the current success with endoscopic retro-
grade pancreatography with stent placement for
the management of benign pancreatic stricture,
technical failure may occur mainly due to failed
cannulation of the pancreatic duct or the inability
to pass the stricture. These cases remain challeng-
ing to endoscopists. EUS-guided pancreatic duct
drainage (EUS-PD) is another endoscopic solution
that offers a minimally invasive alternative thera-
peutic option. EUS-PD has been evaluated and has
shown to be a reasonable technical and clinical
success. In one review of 222 patients, the techni-
cal success was achieved in 70%—-80% using a ren-
dezvous technique or intergrade with clinical
success ranging between 70% and 90% which was
defined as a resolution of symptoms [31-37].

Table 11.2 Data on using fully covered self-expandable metal stents for benign pancreatic stricture

Number of Technical Clinical Duration of the stent | Duration of the
Author patients success (%) response (%) | placement (months) follow up (months)
Park et al. 13 100 100 2 5
(2008) [23]
Sauer et al. 6 100 66 3 8
(2008) [24]
Moon et al. 32 100 100 5 20
(2010) [25]
Akbar et al. 9 100 90 NA 18
(2012) [26]
Giacino et al. 10 100 90 NA 19.8
(2012) [27]
Landi et al. 15 100 54 6 18.5
(2016) [28]
Ogura et al. 13 100 92 5.7 8.6
(2016) [29]
Matsubara et al. | 10 100 70 3 35
(2016) [30]
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Complications have been reported in up to
40% of patients, which includes pain, bleeding,
hematoma, perforation, and severe pancreatitis
[35-37].

EUS-PD is indicated in symptomatic patients
who have failed conventional ERP. Due to the
complexity of the procedure, it is recommended
that this procedure be performed at a tertiary cen-
ter with expertise in therapeutic EUS.

Pancreatic Duct Strictures Following
Pancreatoduodenectomy

Patients with main pancreatic duct stricture fol-
lowing pancreatoenteric anastomosis is common
up to 30% following pancreaticogastrostomy and
up to 10% following pancreaticojejunostomy.
Patients may present with recurrent abdominal
pain, dilated pancreatic duct, and acute or recur-
rent pancreatitis. Endoscopy role remains is the
first line for decompression and stenting [38—40].

Surgery

For patients that do not respond to endoscopic
therapy, surgery remains an option which could
provide adequate outcomes in terms of pain con-
trol, quality of life, and symptom control in a
selected group of patients. Surgical management
includes partial tail resection, Whipple, Berger,
and Frey procedures [41]. Finally, the last decade
has seen the rise of islet cell transplant in patients
with preserved endocrine function [42].
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Introduction

Since the last decade, stents have been used as a
safe and effective alternative to surgery or repeti-
tive endoscopic procedures to improve the quality
of life for patients with malignant biliary obstruc-
tion. Indications for the use of stenting have gradu-
ally expanded to include a variety of malignant
strictures, external compressions of the biliary
tract, and selected cases of benign stricture that are
resistant to repeated balloon dilation or surgical
bougienage [5-7]. However, a significant number
of patients still require re-intervention for stent
malfunctions, including obstruction, migration,
and other related complications [8]. Therefore,
studies are ongoing to enhance the functions of
stents, strengthen their merits, and reduce their
drawbacks. In recent years, considerable advances
have been made in the design of these stents, and
several types of high-quality devices have been
developed. Moreover, various functional stents are
being developed to serve a diverse range of pur-
poses, including anti-migratory stents, drug-elut-
ing stents, radioactive stents, and easily removable
or shape-modifying stents, and bioabsorbable
stent. In this review, we describe an update on the
most recent technologies.
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Anti-migratory Stents

Since the self-expandable metal stent (SEMS)
has an especially long patency compared with
those of plastic stent, it is widely recognized to be
an effective standard biliary endoprosthesis [9—
11]. Full-covered SEMS (FCSEMS) have also
been developed to prevent tumor ingrowth
through the stent mesh and to prolong the stent
patency. Although FCSEMSs show longer
patency than uncovered SEMS, they associated
with significantly higher rate of stent migration
[12, 13]. With this regard, several newly designed
stents aimed at preventing FCSEMS migration
have been developed. An anchoring component,
such as anchoring fin, flared ends, and anchoring
flaps, is typical of these recent designs. Among
studies on stent with anchoring fin to prevent
stent migration, Mahajan et al. reported a study
on FCSEMS covered with Gore-Tex expanded
polytetrafluoroethylene (Viabil; Conmed, Utica,
NY, USA) [14]. This stent has serrated anchoring
pin protruding from a section of the stent, con-
tributing to potent anti-migratory effect. The
FCSEMS with anchoring fin show high biliary
stricture resolution rate (83%) and significantly
stifling its migration. However, stent removal was
difficult, and biliary mucosal ulcer and hemor-
rhage after the stent removal were found on chol-
angioscopic examination. A flared end is a
commonly used technique to prevent migration,
which has an expanded shape at both ends that
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prevents migration while allowing for easier
removal. In a small size study, the flared end
FCSEMS (Niti-S; Taewoong Medical, Goyang,
Korea) showed superior efficacy and a lower
migration rate than conventional FCSEMS [15]
(Fig. 12.1).

A study using the anchoring-flap fully covered
metal stent (M.I. Tech; Seoul, South Korea)
which has four anti-migrating flaps at the proxi-
mal end that prevent distal migration by Park
et al. [16] reported excellent results for the pre-
vention of migration (0% for 6 month). In this
study, the investigators also compared the anti-
migration effect of the anchoring flap and flared
end and found that none of the 22 patients in the
anchoring flap group had stent migration, com-
pared with 33% of patients (7 of 21, 1 proximal
and 6 distal) in the flared end group (P = 0.004).
They thus concluded that the anchoring flap is
superior to the flared end with regard to stent
migration.

Drug-Eluting Stent (DES)

Biliary metal stenting is an effective means of
relieving obstruction and is the preferred method
of palliating patients with malignancy [17].
Malignant obstructions in particular cause high
stent obstruction rate, despite the relatively short

Fig. 12.1 Fully covered self-expandable metal stent
attached with antimigratory flare ends. (Adapted from
http://www.stent.net, with permission from Taewoong
[66])

lifespan of patients with biliary tract cancers [18,
19]. Stent failure is associated with recurrent
morbidity and often necessitates repeat endos-
copy with stent retrieval and replacement [10].
These procedures carry an increased risk for pro-
cedural complication such as pancreatitis and can
result in additional hospital admissions. Stent
failure can be stratified into four primary etiolo-
gies: internal stent failure from biliary clogging,
external failure caused by tumor ingrowth or
overgrowth of excessive epithelial or malignant
cells, and stent migration, and stent migration
[20]. In this literature, the use of stent drug elu-
tion as prophylaxis agent to internal and external
failure of stent will be addressed.

Drug-Eluting Stent for Internal
Stent Failure

Internal stent failure results from the accumula-
tion of obstructing material in the stent lumen. It
is a complex process involving microbial coloni-
zation and biofilm generation. After stent place-
ment across the papilla, reflux of intestinal
content and bacteria into biliary system is
allowed, and biliary stents are quickly colonized
by a diverse polymicrobial community [21].
Aerobic and anaerobic bacteria are readily iso-
lated from occluded biliary stents with
Enterococcus, Escherichia coli, and Klebsiella
being the most common aerobic bacteria isolated
from biliary sludge, while Clostridium being the
most common anaerobe isolated. Anaerobic bac-
teria may be the first to attach and may play a
crucial role on biofilm initiation [21-24].
Therefore, drug to inhibit bacterial growth
including antibiotics can theoretically improve
internal failure rates by decreasing bacterial colo-
nization and biofilm formation. Regarding this
concept, systemic antibiotics were tried to
decrease bacterial colonization. Since 1989,
numerous studies were conducted to identify sys-
temic antibiotic treatments which could decrease
internal stent failure rates [25, 26]. However,
multiple studies and meta-analysis have failed to
show a direct benefit from any systemic treat-
ment in decreasing internal failure rates [25-27].
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Along with a lack of benefit when given systemi-
cally, the locally antibiotics eluting biliary metal
stent was studied. However, local eluting antibi-
otics have also failed to show any benefit.
Weickert et al. analyzed the effect of antibiotic
elution on internal failure by incubating stents in
human bile [28]. Their experiment examined the
combined effect of stents combined with hydro-
phobin and ampicillin/sulbactam, and hydropho-
bin and levofloxacin showed that neither
antibiotic reduced the amount of biofilm genera-
tion compared with hydrophobin alone. In 2012,
Gwon et al. developed a cefoxitime-eluting stent
and for testing in a canine model. Upon both
gross inspection and analysis with electron
microscopy, they found no effect from cefotax-
ime in preventing biofilm development [29]. The
reasons behind the lack of local antibiotic effi-
cacy may be the selection of resistant organisms
in the polymicrobial biliary environment, the
inability of antibiotics to permeate through bio-
films, or local breakdown and inactivation of
antibiotics. Therefore, further evaluation would
be warrant to use the antibiotics-eluting stent in
clinical practices.

Drug-Eluting Stent for External
Stent Failure

Biliary metal stent failures frequently occur due
to the ingrowth and overgrowth of tumor cells or
benign granulation tissue, despite the stent pro-
viding clinical improvement [18]. The ingrowth
and overgrowth could cause shorten stent occlu-
sion and restricted patency and result in short-
ened patient survival [30]. Although covered
SEMSs are designed to withstand tumor growth,
occlusion is inevitable over time in most cases
because the polyurethane used is biodegraded
in vivo by hydrolysis, oxidation, and continuous
contact with biliary tract content [31]. In addi-
tion, from analysis of biopsied obstruction tissue,
it was found that 44% of the tissue ingrowth was
nonmalignant in nature, suggesting epithelial
hyperplasia plays a significant role in stent
obstruction [32]. Given these limitations, there
have been efforts to develop DESs, which are

expected to prolong stent patency by adding anti-
hyperplasia or antitumor functions. Paclitaxel is
an extremely potent agent that causes the dose-
dependent inhibition of proliferation of human
epithelial gallbladder cells, fibroblasts, and pan-
creatic carcinoma cells in vitro [33]. Because of
this inhibitory effect, local delivery of paclitaxel
using covered metallic biliary stents is now under
investigation at many centers. Lee et al. intro-
duced a metallic stent covered with a paclitaxel-
incorporated membrane and conducted a study to
evaluate the safety of this device in the porcine
bile duct [34]. Lee group also reported new gen-
eration of metallic stents covered with a
paclitaxel-incorporated membrane using a
Pluronic® mixture (MSCPM) was compared pro-
spectively with those of covered metal stents
(CMSs) in patients with malignant biliary
obstructions. Safety with enhanced local drug
delivery of MSCPM was demonstrated in a previ-
ous animal study. Although compared with a
CMS, the MSCPM did not significantly influence
time to RBO or survival duration in patients with
malignant biliary obstructions, and MSCPM
reduced tumor volume and was used safely in
humans [35, 36]. The decision to use paclitaxel
was based on bench data from Kalinowski et al.
[33] which showed that paclitaxel, inhibited
human gallbladder cells, human fibroblasts, and
pancreatic cells in a dose-dependent fashion. In
this study, results were promising, finding accept-
able histologic changes. Epithelial denudation,
mucin hypersecretion, and epithelial metaplasia
were noted in the bile ducts that were in contact
with stents containing paclitaxel, and no signifi-
cant complications including transmural necrosis
and perforation occurred. With these results, the
investigators concluded that a paclitaxel-
incorporated metallic stent can be safely used in
the normal bile duct. Another study regarding
local delivery into the bile duct compared
paclitaxel-eluting SEMS and control stents [37].
Even though mucosal hyperplasia was noted in
three of six dogs in the paclitaxel-eluting SEMS
group, all experimental animals survived until
death without evidence of jaundice. The group
concluded that paclitaxel-eluting SEMSs are safe
in normal canine biliary tracts and do not exhibit
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technical difficulties. As regards these positive
results in animal studies, several human studies
followed, a few of which demonstrated the anti-
tumor effect of paclitaxel-eluting SEMS [38].
However, recent prospective comparative studies
using a metallic stent covered with a paclitaxel-
incorporated membrane did not show significant
differences between paclitaxel-eluting SEMS
and conventional FCSEMS when it comes to
stent patency or patient survival [35, 39].
Therefore, efforts to improve and demonstrate
the effectiveness of DES remain ongoing. One of
these efforts entails selecting an adequate antitu-
mor agent depending on the nature of the cancer;
in that regard, gemcitabine and 5-fluorouracile
(5-FU) have gained attention.

Gemcitabine is the standard chemotherapeutic
agent in advanced pancreatic and biliary tract
cancer. However, it is hydrophilic and its local
delivery is challenging due to the initial burst of
the gemcitabine. Prolonged gemcitabine release
(over 2 weeks) is also hardly realizable.
Therefore, a new design is required to allow lon-
ger drug elution throughout a broader contact
surface between the stent and tumor that main-
tains a continuous and slow release of drug.
Moon et al. [40] introduced a gemcitabine-eluting
stent using pullulan acetate. Pullulan is a natural
polysaccharide that can be acetylated to varying
degrees to form pullulan acetate, which has a
greater drug-loading capacity. When pullulan
acetate was layered onto polytetrafluoroethylene
and applied as part of a gemcitabine-loaded
controlled-release membrane for drug-eluting
nonvascular stents, the gemcitabine released
lasted for 30 days. In addition, Na et al. [41]
reported pullulan acetate-conjugated PDT stent.
They designed photosensitizer-embedded self-
expanding metal stent (PDT-stent) which allows
repeatable photodynamic treatment of cholangio-
carcinoma without systemic injection of photo-
sensitizer. Polymeric photosensitizer (pullulan
acetate-conjugated pheophorbide A; PPA) was
incorporated in self-expanding nonvascular metal
stent. Covered SEMS with polymeric photosensi-
tizer functions in palliative treatment for biliary
drainage and also has potential as a repeatable
and efficient PDT therapy. Chen et al. [42] also

reported the prototype of gemcitabine-eluting
stent (PDT-chemo stent) in 2014. The stent was
made through electrospinning and electro-
spraying dual processes with an electrical charge
to cover the stent with a drug-storing membrane
from polymer liquid, and they reported that this
stent may provide a new prospect of localized
and controlled release treatment for cholangio-
carcinoma because drug release on the stent
showed regular pattern in drug release study.
However, local drug delivery from the DES has a
risk of damaging the adjacent normal biliary tract
mucosa and causing nontarget organ toxicity and
systemic exposure. Various studies are currently
still ongoing to determine the type and shape of
stent membranes and appropriate drug concentra-
tions to prevent stent-induced adverse events and
to allow for longer drug release [42, 43].

Radioactive Stents

As mentioned above, stent dysfunction due to
tumor ingrowth or compression is a problem for
biliary stenting. External beam radiotherapy has
been used to prolong stent patency, however,
almost inevitably results in normal tissue toxicity
because of the proximity of vital organs [43].
More recently, good results have been reported
with the use of a combination of intraluminal **Ir
brachytherapy and stenting. Brachytherapy takes
longer to relieve the symptoms of biliary obstruc-
tion, while provides longer patency and fewer
complications compared with stent placement
[44, 45]. The combination of stent insertion and
brachytherapy is likely to be a feasible and safe
palliative treatment strategy in patients with
unresectable cholangiocarcinoma. Therefore,
radioactive stents have been developed with the
aim of combining the advantages of the immedi-
ate relief of biliary obstruction by stent insertion
with the longer-term benefits achieved through
brachytherapy. Radioactive stents contain
attached 'I seeds, a radioactive material. The
inside of the stent comprises a conventional metal
stent to facilitate insertion. Results from a ran-
domized controlled clinical trial with 12 patients
in the radioactive stent (stent loaded with '*°I
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seeds) group versus 12 patients in the conven-
tional stent group showed encouraging results in
terms of clinical outcomes and stent patent
period. The jaundice and pruritus disappeared,
and the performance status was markedly
improved in all patients with radioactive stent
group. The median and mean overall survivals in
the irradiation stent group were significantly
higher than those in the control group
(7.40 months vs. 2.50 months, 8.03 months vs.
3.36 months, P = 0.006) [46]. In addition to this
study, almost all studies on radioactive stents in
biliary malignant obstruction reported that radio-
active stents were relatively safe and easy to
apply [47-49]. However, these previous investi-
gations involved too small a sample size to deter-
mine safety and feasibility. In addition, seed
activity, reference point of prescription dose, and
the irradiation dose of target were different in the
related studies. Therefore, comparison of clinical
efficacy among different studies becomes diffi-
cult. The American Association of Physicists in
Medicine recommend that, for each type of
radioactive stent (i.e., of various lengths, diame-
ters, and activities), the 3D dose distributions
should be carefully determined before clinical
application [50]. Therefore, large-scale studies
are required before clinical application.

Anti-reflux Stent

In inoperable biliary tract cancers, SEMSs pro-
vide long-term biliary tract patency and relieve
progressive symptoms of biliary obstruction as
they have larger lumens than plastic stents as
mentioned previously. However, refluxed content
through the SEMS can cause various diseases
including ascending cholangitis due to duodeno-
biliary reflux, and also it could cause stent
obstruction by inducing biofilm formation or
introducing undigested food. As a result, refluxed
content leads to lower the quality of life in the
patients [51]. Dua et al. [52] first developed a
plastic stent with an anti-reflux valve (ARV)
(attaching 4-cm windsock-shaped tubular valve),
demonstrating longer patency than that of stan-
dard plastic stents. This scenario suggests that

duodenobiliary reflux may contribute to stent
malfunction. Also, anti-reflux valves do not inter-
fere with antegrade flow, because the complica-
tion rates of plastic stents with an anti-reflux
valve are similar to that of standard plastic stents.
Therefore, there is a growing need for, and inter-
est in, stents designed to prevent reflux. Currently,
anti-reflux stents are being developed in which an
anti-reflux valve is attached, and studies on
SEMS with these valves have been conducted in
biliary cancer patients [53, 54] (Fig. 12.2).
According to retrospective study reported by Hu
el al., metal stent with anti-reflux valve (ARV)
was effective to prolong the stent patency. The
metal stent with ARV was made by adding 2-cm
length silicon membrane on the duodenal side of
SEMS and evaluating the efficacy of this stent in
22 patients with distal malignant biliary obstruc-
tion [53]. In the results, the median duration of
stent patency of this stent was 14 months, with
cumulative patency rates at 3, 6, and 12 months
0of95%, 74%, and 56%, respectively. Furthermore,
Lee et al. [54] also demonstrated the superiority
of metal stent with newly designed ARV over the
conventionally covered SEMS in patients with
unresectable distal malignant biliary obstruction.
The anti-reflux stent consists of an SEMS par-
tially covered by an e-polytetrafluoroethylene
(ePTFE) membrane that extends as a pliable tube
beyond the distal end of the stent creating a
windsock-type ARV. The length of the valve por-
tion is 20 mm. On the results of this study, overall
reflux of barium was significantly lower in the
metal stent with ARV group than the covered
SEMS group (7.7% vs. 100%, P < 0.001). The
cumulative duration of stent patency was signifi-
cantly longer in the metal stent with ARV group
than in the covered SEMS group (median + SD,
407 £92 vs. 220 + 37 days; P =0.013). However,
the results of recently published studies evaluat-
ing anti-reflux stents were not always positive
because the attached valve often malfunctioned
depending on its design [55, 56]. Hamada et al.
[56] conducted a pilot study for the evaluation of
feasibility of metal stents with ARV in 13 patients
with unresectable distal malignant biliary
obstruction. Although the patency of metal stent
with ARV was longer than that of SEMS, stent
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Fig. 12.2 Anti-reflux fully covered self-expandable metal stent. FCSEMS attached with anti-reflux valve at distal end
for preventing reflux of contents. (Adapted from http://www.stent.net, with permission from Taewoong [66])

occlusion rate is high (15%), and stent migration
frequently occurred (31%). Anti-reflux valves
designed to minimize the risk of stent malfunc-
tion led to decreased efficacy against reflux; how-
ever, those designed for greater resistance is able
to be interfered with natural stent patency.
Therefore, a more optimal anti-reflux valve
design is still required.

Shape-Modified Stent

Modification of stent design is one of the strate-
gies to reduce adverse events of stent and to
improve stent function and patency. In a condi-
tion of short stricture including anastomotic ste-
nosis after liver transplantation or hilar bile duct
stricture, long SEMS may cause tissue necrosis
and fibrosis due to pressure injuries to normal
biliary tract, and short SEMS may increase the
risk of stent migration. To overcome these flaws,
several modifications of stent design were stud-
ied. One of the interesting shape-modified stents
isadumbbell-type covered SEMS (BONASTENT
M-Intraductal, Standard Sci-Tech Inc., Seoul,

South Korea) which has narrower waist to pre-
vent stent migration [57]. Both ends of this stent
are covered with a silicone membrane to create
efficient flare. These stents have a convex margin
at both ends to prevent tissue hyperplasia, and the
central portion of 12 cm has a cross-wired struc-
ture and smaller diameter at the waist, whereas
the remainder has a fixed hook and a cross-wired
structure. This stent has a long lasso for easier
removal of the stent as occasion demands. Moon
et al. [57] studied with Dumbbell-type FCSEMS
for the treatment of benign biliary strictures. In
this study, Dumbbell-type FCSEMS were
deployed above the papilla in 21 patients with
benign biliary strictures and removed from all of
them despite migration in four. None of their
patients developed stent-induced ductal change.
They concluded dumbbell-type FCSEMS can
prevent stent migration and stent-induced ductal
change and can be deployed above the papilla.
This shape modification conferred clinical
benefit in endoscopic ultrasound-guided proce-
dure also (Fig. 12.3). Because endoscopic ultra-
sound (EUS) is frequently utilized for stent
insertion, modification of the stent shape is also
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Fig. 12.3 A shape-

modifying fully covered
self-expandable metal

stent for endoscopic

ultrasound procedure.

(Adapted from http://
www.stent.net, with L
permission from

Taewoong [66])

required for a successful procedure. Because
conventional SEMS has a high risk of migration
and bile leakage during EUS-guided gallbladder
drainage, modified SEMS have been developed
to avoid these complications by means of a
dumbbell-shape modification (AXIOS stent:
Xlumena Inc.; Mountain View, CA, USA). In one
case study reporting clinical results, AXIOS
stents showed high technical success (84.61%)
and clinical success (100%) rates with respect to
gallbladder drainage, and major complications
did not occur [58]. The effort for developing
effective shape modification to improve stent is
underway still, and these efforts achieve the
desired result and provide valuable information
for future modifications of biliary stent shapes.

Biodegradable Stents

Biodegradable stent has various advantages
compared to conventional plastic stent or
SEMS. Biodegradable self-expandable stents
have larger lumen than plastic stent that allows
improved patency rate and reduced biofilm for-
mation. In addition, since the nature of the
degradable stent does not require its removal,

this scenario can reduce hyperplastic tissue reac-
tion and adverse event associated with stent
removal compared to SEMS. Furthermore, the
biodegradable stent can be equipped with anti-
bacterial or antitumor agent the same way as
drug-eluting stent [59]. These stents consist of a
braided structure of filaments made of absorb-
able polylactic acid polymers. Currently, stents
constructed from biodegradable materials are
one of the ideal tools for treating benign stric-
tures. The initial use of biodegradable stents was
in the digestive tract, and its first indications
were for benign esophageal and colonic stricture
[60, 61] (biodegradable). Fry et al. [62] reported
a case treated with a biodegradable esophageal
stent (AB-esophacoil: Instent; Eden Prairie, MN,
USA) for benign esophageal strictures due to a
radiation injury. The investigators used a self-
expanding coil-shaped biodegradable stent,
which was effective in alleviating their patient’s
symptoms. They concluded that coiled-shaped
biodegradable stents might be plausible treat-
ment modalities for treating benign esophageal
strictures. The first publications referring to the
possible use in the bile duct date back to the mid-
2000s. Later, several animal studies confirmed
their feasibility and absence of deleterious
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effects in their utilization or degradation; all
these studies allowed these stents to be subse-
quently used in human beings. Recently,
Gimenez et al. [63] reported a case series treated
with a biodegradable biliary stent (ELLA-CS,
s.r.o., Hradec Kralove, Czech Republic) for the
management of hepaticojejunostomy stricture.
The stent is made of polydioxanone, that is, a
semicrystalline, biodegradable polymer of the
polyester family. In this study, 16 biodegradable
stents were placed in 13 patients with hepatico-
jejunostomy strictures secondary to bile duct
repair of a biliary surgical injury, and 84.6% of
stricture resolution rate was reported with a
mean follow-up of 20 months without recur-
rence. In addition, promising results of biode-
gradable stent in benign biliary stricture were
reported in some animal studies and case reports
[64, 65]. However, biodegradable stents remain
in the investigative stages; thus, long-term fol-
low-up in many more cases should be required to
assess the future efficacy of these types of stents.

Conclusion

The role of stenting in the management of patients
with biliary tract obstruction has expanded in
recent years. Recent advances in stent technology
have improved stent patency and reduced stent-
induced complications, resulting in an improved
quality of life for the patients. However, biliary
stents continue to undergo design changes to
address their limitations. Further technical refine-
ments and studies to improve and demonstrate
their efficacy are needed.
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